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Background

=

The Advanced Development Model (ADM) engine testing performed in 1984 showed

- that the thermodynamic power of the engine was much lower than thermodynamic
::‘7 ':':',. code predictions. Also, the ADM engine when tested under the engineering
‘T'_' - model (EM) operating conditions, yielded lower thermodynamic power than was

previously achieved by the EM performance engine which, to the first order, is

) "'_'_

A thermodynamically similar to the ADM. - e *
'-_, (-

bl ’
o Task Objective

- ﬁ The objective of Task 2.0 of IR&D program 26802 was to identify and understand
the cause for thermodynamic power shortfall in the ADM engine.

y Executive Summary
:‘; C:: In FY84, ADM diagnostic tests confirmed that the power shortfall in the ADM
: i engine was not due to higher than expected parasitic losses (losses associated
“ 6) with the engine pressure wave), but was due to an inadequate power generating
::: capability of the engine with increasing displacer stroke. It was concluded
:: -_:::: from the FY84 tests that the power discrepancy was due to some deficiency in
A Rt the upper end of the ADM engine (see Figure 1).

e

- "‘ In FY85, IR&D test results narrowed the probable causes for the power short-
..E: . fall to the following:
N

: * Inadequate external heat transfer capability of the cooler
.:f: “' * Large dead volume in the compression space causing some unknown loss
:'{‘-t * Clearance seal between the displacer liner and motor stator.
o

; . In early FY86, IR&D test results indicated that the primary cause for the
e power shortfall was the inadequate seal between the displacer liner and the
E:: mctor stator. Late in FY86, the ADM engine was tested with an O-ring
::': installed between the motor stator and the displacer liner. Good repeatable
L performance was achieved and the test results were similar to code pred-
__';: tctions. This established the clearance seal between the displacer liner and
g
S V. 77 4 :
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the motor stator as the main cause for the earlier poor thermodynamic perform-

ance of the ADM engine.

Introduction

A detailed historical description of the diagnostic tests performed in FY84

and FY85 and the conclusions reached is given in Appendix A.

In FYB6, under IR&D program 26802, Task 2.0, the ADM engine was tested with
both tubed and monolithic heads. Results obtained from the tubed head testing
are documented in Appendix B. The configuration and the test results of the

engine build with monolithic head are described below. 7.

ADM Engine with Mcnolithic Head

A detailed description of the ADM monolithic head engine/alternator config-
uration is contained in the design report 84SESDl7. A general layout of the
engine is shown in Figure 2. The only significant hardware change for the
test engine from the configuration shown in Figure 2 was the incorporation of
a thermocouple adapter plate between the heater head and the cooler housing.
This modification was required to connect the regenerator matrix thermocou-

ples to the data acquisition system.

Critical seal components of the ADM engine were inspected for a dimension

check. Inspection records and dimensional summary are included in Appendix C.

The baseline engine build configuration is given below. The diferences
between this configuration and the earlier tested (FY84) ADM configurations

are listed in Table 1:

* Monolithic head No. 1

* ADM displacer drive

* 2.6-mil wire, 120-mesh, square-weave screen regenerator wi*  -f'--_|
thick window plates on each end of the regenerator (37% ..-. .creens

with total weight of 832 g)

LR T

T T T e L L) np =
e A o A T A T N g e
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.:-f. Table 1
. Configuration Differences Between
‘ ' Present and Earlier ADM Builds
[
o
LN
t'!! Component Present Earlier
R
L Monolithic Head No. 1 No. 1, 3, and 16
ey ) _ ,
L Regenerator Screens 2.6-mi1l Square-Weave 3.7-mil Screens, 3.7-mil
— Wire Screens With Metex, l-mil Screen
~ Window Plates on
Ot Both Ends
ol Seal Between Liner O-Ring Clearance
P and Motor Stator
- Cooler EM Generation 3 ADM, EM Generation 2
hE Compression Space Closed Open
R Ports
- Thermocouples
o Regenerator Yes No
I Expansion No Yes
n
."-::
o
e
|,
(R
N
o
7
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* Generation 3 EM cooler (a detailed description is contained in IR&D
report 87SESD36)

* O-ring between the displacer liner and motor stator

* ADM lower end

Power piston cylinder compression space ports closed

* External bearing supply and piston offset control scheme (Figure 3).
Instrumentation

Instrumentation and appropriate signal conditioning devices for each trans-
ducer are listed in Table 2. Tables 3 and 4 list the locations of themocouples

for the heater head and the regenerator, respectively.
Two general comments regarding measurement uncertainties:

* Approximately 60~Hz noise was seen in the measurements of dynamic variables.
The noise level was pronounced during slope/intercept testing when both the
displacer motor and the alternators where connected to the power supply
devices (Algars). During the load line test (only displacer motor connected
to the Algar), the level of noise was lower. It is believed that the noise
had neglegibly small influence on the measurement accuracy. Enough time was

not available to isolate the cause for this noise.

* Compression space pressure was measured at two locations: 1) lower
compression space between the power pistons, and 2) upper compression space
below the cooler (probe in the displacer flange). Both pressure probes were
identical devices. During the engine operation upper probe indicated higher
mean pressure than the lower probe. This difference was piston stroke
(pressure amplitude) dependent. At zero piston stroke, mean pressure meas-—
urements were close. At l4-mm stroke, the upper probe indicated 2~-bar high-
er mean pressure and 10% higher pressure amplitude. In a latter test, the
location of the two probes was reversed and the lower probe then indicated a
higher pressure reading. This concluded that the difference in measured
pressures was not real but was caused by the instrumentation and the associ-

ated signal conditioning devices. The cause for this discrepancy has not

been identified. Since the lower mean pressure measurement was consistant
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NI Table 3
N
Monolithic Heater Head Thermocouples
‘;‘ ” Type K; 40-mil Thick
%
e -
A A
¢
v
", g Ch:fmne]. Side Location™*
RS Assignment
10
&
SRR 34 Left 6.0
) 33 Left 4.3
o 28 Left 4.15
SN 29 Left 3.6
- 36 Back 1.0
. 37 Back 2.0
Y, S 38 Back 2.5
! 40 Back 3.0
2 Back 4.0
7 Back 4.5
9 Back 5.0
8 Back 6.0
{ )] 3 Right 1.0
%) 10 Right 1.5
Q oSt 11 Right 2.2
::\ oy 12 Right 3.0
K- 16 Right 4.0
e 17 Right 4.3
= | 18 Right 4.5
O 20 Right 5.0
.—I
"_: \::: 24 Front 1.0
RN 43 Front 1.5
2 31 Front 2.5
._ . 26 Front 3.0
R
o
o,
R:
'S Out of the above 24 thermocouples, 23 were active. Average heater head
temperature was calculated from the average of the above active 23 thermocou-
S ple readings. The standard deviation of the measured temperatures was about
. 40°cC.
- .'{'..
-,
v, e
g
AN *Distance from Base in inches.
Ca
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. Table 4
PR Regenerator Thermocouples
( s Type K; 20-mil Thick
! -
\ Channel
J .! Assignment Location Symbol on Plots
S - 1 Top Back 1
N 35 Top Left 2
S 13 Top Right 3

25 Top Front Not Active

IR 21 Middle Front 4
3 19 Middle Right 5
e 32 Middle Left 6
Z
' 27 Bottom Front 7
o 15 Bottom Right 8
. :,: 14 Bottom Back 9
- 44 Bottom Left 0
S A
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) with the other pressure probes (piston and displacer gas spring probes), the

lower pressure measurement was used to calculate the piston PV powers.

Displacement and pressure probes were calibrated prior to each engine build.

:t{ A typical set of calibration tables are included in Appendix D.
q Tests Performed
.%.
s Four different tests were performed. The first test ran the baseline engine
:f: configuration under the September 1984 ADM test operating conditions, which
were:

-

‘ * Slope/intercept test format
ﬂ:: * Mean pressure: 60 bar
- * Operating frequency: 58 Hz
7 * Average heater head temperatures: 760°C, 660°C, 560°C
o * Piston stroke (peak to peak): 14 mm
.- * Displacer-to-piston phase angle: 66°

“»

\

The second test was performed without the O-ring between the displacer liner

Z:: and the motor stator to evaluate the influence of stator O-ring on engine
. performance. Operating conditions and the rest of the build configuration
' were the same as for the first test.
s The third test was performed with the stator O-ring back in the engine to
':; confirm if the engine performance was repeatable.
r,
}:: The fourth test was performed with the displacer locked. Power pistons were
) motored without supplying heat to the heater head. The purpose of this test
;;: was to evaluate the parasitic losses in the engine (losses associated with the
<= pressure wave in the engine).
e The following describes the results of the above series of tests.
o7

.x.r.ﬂ‘ m mr&u".&ﬁ." i



e Test 1 - Baseline Configuration Test

E This test was performed on 20 September 1986 using test data file TADMH4.
Figure 4 shows the plot of piston PV power versus displacer amplitude at an

T average heater head temperature of 760°C. The test data compare favorably
with the CFAST code prediction. The HFAST code overpredicts the power by

!'! essentially a constant magnitude of 300 W at all plotted points*. The plotted
g PV power is the sum of two power piston PV powers. Since both the HFAST and

CFAST codes show similar correlation with EM performance engine test data, it

R
}3 can be concluded that the thermodynamic performance of the present ADM base-
line configuration is similar to the performance of the EM performance engine.
=
¥
The displacer amplitude was limited to 6 mm (design amplitude 10 mm) due to
~t high displacer motor current (10-A rms versus 3-A design). High motor current
S
¢

was partly due to high load side displacer gas spring losses (pressure wave
phase angle of 7° as compared to predicted value of 2.8°) and partly due to
reactive motor power required to maintain displacer to piston phase angle of

66°.

Figures 5 and 6 show the plot of piston PV power versus displacer amplitude at
average heater head temperatures of 660°C and 560°C, respectively. CFAST

matches the data at lower displacer strokes well, but overpredicts the PV

. power at higher displacer strokes. Slope (PV versus XD) discrepancy in CFAST
LN predictions increases with decreasing heater head average temperature. (This
. behavior was also seen in the earlier EM and ADM test results versus CFAST
Q;: code predictions and was the primary reason for the development of the HFAST

code.) Again, the HFAST code overpredicts the PV power by ¥300 W (Figure 4).
?E Figures 7 and 8 show the PV versus XD slope comparison between the test data

and modified HFAST predictions (HFAST predictions are arbitrarely decreased

by v300 W at all points plotted). HFAST predicts the slope and curvature in

- “The compression space dead volume for both CFAST and HFAST codes was adjusted

for one data point for each test to match the predicted and the measured

e e e e
’D.v..
AR
O .

v pressure amplitude. & detailed discussion regarding the need for volume

correction is given in [R&D report 87SESD38.
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the test data quite well. In summary, HFAST predicts the power generation

with 1ncreasing displacer amplitude well, but underpredicts the parasitic

losses.

In Figures 9 and 10, the above-measured PV power is compared to the PV power
measured on 25 July 1984 ADM test. The present engine configuration yields
about 40 to 50% more PV power at similar operating conditions than the 1984

ADM configuration.

Figures 1l and 12 show plots of measured regenerator temperatures at various
displacer amplitudes. The engine was assembled with 375 square weave screens.
Four thermocouples were placed at 90° to each other between the heater window
plate and the first screen. After stacking 200 screens, three thermocouples
were placed at 120° to each other. After stacking another set of 175 screens
four more thermocouples were placed at 90° to each other between the last
screen and the ccoler window plate. The nonuniformity in the measured temper-
atures at the top of the regenerator reflects the circumferential temperature
maldistribution in the heater head. This circumferential variation in heater
head temperature is the result of imprecise mounting of combustor liner and
ceramic heater head cap. Figures 13 and 14 show the comparison between the
measured temperatures and code (CFAST and HFAST) predictions. HFAST predicts
the top and bottom regenerator temperatures well but underpredicts the temper-
atures at the middle of the regenerator. HFAST regenerator temperature

profile prediction has more curvature than in the test data.
In summary:

1. The present baseline ADM engine configuration has 40 to 50% more PV
power at similar operating conditions than the 1984 ADM test config-

uration,

2. HFAST conde predicts the power generation and regenerator top and
bottom temperatures well. However, HFAST under predicts rhe parasi-
tic losses by the following equation:

2

S 4.4 5 : 1
parasitic loss x Pressure amplitude
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where parasitic loss is in watts, and pressure amplitude in bar.

3. HFAST test data correlation of the baseline ADM engine configuration

1s similar to the EM performance engine correlations.

Test 2 - Without Stator O-Ring

Other than removing the stator O-ring between the displacer liner and the
motor stator, the engine had the same build and same operating conditions as
the baseline engine configuration test, Testing was performed on

24 September 1986 using test data file TADMHS.

Figures 15 and 16 compare the measured PV power with and without the stator
O-ring in the engine. PV power at low displacer amplitudes is similar; howev-
er, at high displacer amplitudes a significant drop in generated power is seen

in the engine build with no stator O-ring.

Figures 17 and 18 compare the 24 September 1986 and 25 July 1984 engine test
data. Although the two test configurations have many different components
(see Table 1), the test results are similar. This estabilishes the fact that
it is the sole presence of the stator O-ring that yields the considerable

performance gain over the 1984 test results.

Figures 19 and 20 show the plot of measured regenerator temperatures at vari-

ous displacer amplitudes. The following abservations are made:

1. Regenerator top and bottom temperatures are similar with and without

the stator O-ring in place.

2. More nonuniformity in regenerator top temperature measurement with

O-ring out.

3. With increasing displacer amplitude, the temperature in the middle
of the regenerator increases. This behavior can result from unequal

working tluid flow in the regenerator during the hot and cold blows
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(unequal bypass of working fluid through and around the appendix gap

when the stator O-ring is removed).

In summary, the engine build without stator O-ring repeats the 1984 test data.
The present hypothesis is that the clearance seal between the displacer liner
and motor stator becomes large enough (during the engine cperation) to cause

significant bypass of flow through and around the appendix gap region,

Test 3 - Repeat Baseline Configuration Engine Test With Stator O-Ring In

Since the removal of stator O-ring from the engine build showed significant
drop in engine performance and the engine performance was similar to the 1984
ATM test, it was decided to repeat the baseline configuration test with stator
O-ring in. This test was performed on 27 September 1986 using test data file

TADMH6.

Figures 21 and 22 show the comparison of PV power measured on engine builds
with stator O-ring in, which were tested on 20 September 1986 and on
27 September 1986. Figures 23 and 24 show plots of regenerator temperatures
at various displacer amplitudes for the 27 September 1986 test. Engine
performance for the two builds is similar. This test again confirms the fact
that although some of the components in the 1984 and 1986 ADM builds were
different (these changes were made to improve the overall performance), it is
the sole presence of stator O-ring that makes the engine perform per the ther-
modynamic code (engine performance without the stator O-ring repeats the

earlier 1984 ADM test results).

Test 4 - Locked Displacer Test

This test was performed on 1 October 1986 using test data file TADMH7 with the
displacer locked at about 7 mm from the midstroke position (toward the top
dead center). Displacer was held in position by placing cylindrical annular

rubber pieces 1n the load side and the heater side displacer gas spring cavi-

ties.
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The purpose of this test was to evaluate the pressure-induced parasitic losses

in the engine. The engine build was the same as the baseline configuration
except that the combustor was not mounted on the engine. The Tests were
performed at 60-, 50-, and 40-bar mean pressures. Power pistons were motored
and the data were taken at piston amplitudes of 2 to 7 mm. Maximum piston
amplitude was limited to 7 mm by the allowable current (28 A rms) in the alter-

nator power supply (Algars).

Figures 25 and 26 show the measured- and code-predicted PV power levels.
CFAST predicted the parasitic losses fairly well (as expected) and HFAST
underpredicted the parasitic losses (HFAST also underpredicted the parasitic
losses in the previous tests 1, 2, and 3 by about 300 W. It is believed that
the reason for underprediction of the parasitic losses by HFAST was due to its
inadequate modeling of the hysteresis losses. Figure 27 shows the comparison
of the test data and corrected HFAST predictions (predicted loss increased by

2 at each plotted point). With this correction, HFAST

4.4 x pressure amplitude
predictions have a better match with the test results at 60-bar mean pressure;

however, a large discrepancy still exists at 50- and 40-bar mean pressures.

In summary, the parasitic losses in the engine are a strong function of piston
amplitude square (Figure 28), which indicates that the dominant losses in the
engine are hysteresis and leakage losses. The parasitic losses measured
during the locked-displacer, cold-engine test are consistant with the parasi-

tic losses measured during unlocked displacer hot engine tests.
Performance Prediction of ADM Monolithic Head at Larger Piston Amplitudes

The purpose for performing the above series of tests was to compare the ther-
modynamic performance of the present-build ADM configuration and the ADM build
tested in 1984. Therefore, most of the testing was performed under the 1984
operating conditions with a piston amplitude of 7 mm. The design point piston
amplitude of the ADM engine is 1l mm and the maximum possible piston amplitude

1s 14 mm.

As mentioned above, the ADM and the EM engines are thermodynamically similar

and rtherefore should have similar power generation capability if run at simi-

V.77 4 b7
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lar operating conditions. Although the power generation capability of the two

engines 1s similar, the ADM will have a lower PV power compared to the EM
engine because of higher parasitic losses (more wetted surface area in the
compression space and more number of clearance seals). The EM performance
engine generated its maximum PV power (5 kW) at 10 bar compression space pres-
sure amplitude. For the ADM engine, l0-bar pressure amplitude results at 9-mm

piston amplitude.

Prediction of the ADM engine performance at 9 mm piston amplitude was made by
running the HFAST code. The reasons for selecting HFAST was that it predicted
the slope of the PV versus XD curve well, and the discrepancy in predicting
the parasitic losses was consistant for the motoring as well as the engine run
tests. At lO0-bar pressure amplitude, HFAST underpredicts the parasitic losses
by about 500 W. For a goal of 5-kW engine PV power, HFAST therefore should
predict 5.5 kW. Figures 29 and 30 show the HFAST-predicted PV power plotted
for varios displacer amplitudes and displacer phase angles at heater head
average temperatures of 760°C and 660°C, respectively. Figures 31 and 32 show

the heater head heat input (Qip) requirement for the above cases.

Achieving ADM PV power goal of 5 kW at 9 mm piston amplitude with the present
build requires an average heater head temperature of 760°C, displacer ampli-

tude of 10 mm, and displacer-to-piston phase angle of 75°.

The maximum possible displacer amplitude for the ADM engine is 12.5 mm. This
assumes no offset in the displacer midstroke position. The maximum displacer
amplitude that can be achieved in the present ADM configuration (because of
displacer midstroke position drift) is about 9 mm. Figures 33 and 34 show the
HFAST-predicted PV power plotted at 9 mm displacer amplitude for various power
piston amplitudes and displacer phase angles at heater head average temper-
atures of 760°C and 660°C, respectively. Figures 35 and 36 show the heater
head heat input {(Qip) requirement for the above cases. Increasing piston
amplitude yields a small change in the engine PV power. This is because the
parasitic losses in the engine (due to engine pressure wave) increase at high-
er rate than the thermodynamic power generation of the engine. Figure 37
shows the predicted leakage loss at varilous piston amplitudes and Figure 38

shows the cnrresponding pressure amplitude in the engine. The above results
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conclude that at 9 mm displacer amplitude, 5 kW of PV power cannot be achieved

with the present-build ADM engine at any piston amplitude. In fact, the PV
power of the engine will actually reduce at larger piston amplitudes primarily

because of high predicted leakage losses.

The predicted leakage loss was calculated on the basis of the results obtained
from the motoring tests and the measurement of pressure wave phase angles in
various gas spring volumes. Detailed inspection of the ADM hardware showed
that most of the seal clearances should be close to the design values. Howev-
er, the results of the motoring tests indicate that these clearances may be
opening up during the engine operation conditions. Therefore, the losses may
not necessarily be due to opening up of the seal clearances, the leakage loss-
es could be due to an unanticipated leakage path or some other unknown loss
mechanism as well. Detailed inspection of the hardware did not identify other
than known flow paths or loss mechnisms. A flow check of all working spaces

and gas spring volumes is required.

Predictions were made with reduced leakage losses (by a factor of about 2;
leakage losses corresponded to seal clearances at maximum design tolerance
band). Figures 39 and 40 show the HFAST-predicted PV power plotted at 9-mm
displacer amplitude for various power piston amplitudes and displacer phase
angles at heater head average temperatures of 760°C and 660°C, respectively.
Figures 41 and 42 show the heater head heat input (Qip) requirement for the
above cases. It is seen that a PV power of 5 kW is achievable at at an average
heater head temperature of 760°C, displacer amplitude of 9 mm, displacer phase
angle of 75°, and at piston amplitudes of 10 mm and above. The modifications
required in the present ADM hardware to achieve 5 kW of PV power are discussed

in the following paragraph.
ADM Hardware Modification

The following lists the necessary modifications required to the ADM hardware

tor achieving 5 kW of PV power:

1. The ADM engine, under load-line operating conditions, runs at

displacer to piston phase angle of 45°. In order to achieve a
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reasonably high PV power, this phase angle has to be incresed to
about 75°. The displacer phase angle can be increased by increasing
the power piston mass and/ or by increasing the piston gas spring
volume. The piston gas spring volume can be increased by removing

the stuffer liner in the present gas spring volumes.

The displacer gas spring losses at present are high. The cause for
this high loss needs to be identified by performing pressure leak
checks. It may be necessary to reduce the seal leakage losses by

incorporating piston rings or Xylan coating.

The displacer motor, displacer, and power pistons at present are not
properly dynamically tuned to allow engine operation with high
displacer phase angle and low motor reactive current. Proper tuning

requires modification in the load side displacer gas spring volume.

With increasing displacer stroke, displacer midstroke offset
increases. The cause for this behavior has to be understood; 1if

necessary, the offset may have to be externally controlled by provid-

ing check valves.




Early ADM Tests

m The ADM engine was first assembled in early February 1984. The engine was run
under the following operating conditions:
- * Mean pressure: 60 bar
" * Operating frequency: 58 hz
e * Mean head temperature: 680°C
L * Piston stroke: 22 mm
::::; * Stroke ratio: 0.9
_ * Displacer-to-piston phase angle: 65°
The measured piston PV power for the above test was 2.8 kW, which was substan-
:::.~ tially less than the code prediction. The following observations were made
et after engine disassembly:
'_'.':: * Level of discoloration of the regenerator screens and the displacer
] dome indicated regenerator and expansion space temperatures were much
* lower than previously experienced with the EM engine at similar mean
head temperatures
_‘:‘.: * Expansion space stuffer liner was cracked,
o
The loss mechanisms postulated for the power shortfall were:
o
e * Low expansion space temperature due to poor stuffer-fin interface with
N the ADM head
* Excessive compression space leakage and/or hysteresis loss
'_q_:fj' * Excessive hysteresis loss in the ADM cooler
) * Maldistribution of flow
- * Excessive loss in cold-connecting duct
< * Large volume in compression space caused some unknown loss
G * Gas resonance resulting in high viscous losses
:‘:: * Cooler plenum too tight,
h' Th : y
§ e following paragraphs give the results of the tests performed to evaluate
the influences of the above on power shortfall,




Low Expansion Space Temperature Due to Poor Stuffer-Fin Interface. A back-

to-back test of the ADM engine with ADM and EM heater heads showed similar
performance. Therfore, the ADM heater head could not be the cause of the
power shortfall. Next, the ADM engine was tested with a modified EM heater
head that incorporated an expansion space thermocouple., At a heater head wall
mean temperature of 680°C, the measured expansion space temperature was 574°C.
The code predicted both the expansion and compression space temperatures with-
in #15°C. Although the calculated temperature difference between the expan-
sion space and the heater head mean temperature agreed with only a small
deviation to the measured temperature difference, the code heater head heat
input (Qjp) was higher than the measured Qip. Test and predicted cooler heat
rejection were similar. Correction of gas temperature for the Qi difference
resulted in relatively small change in predicted piston PV power. Therefore,

heater head stuffer fin interface was not the cause for the power shortfall.

Compression Space Leakage and Hysteresis. A static flow check of the power
piston seals indicated that the seal clearances were 0.7 mil and 0.816 mil,

respectively. Per design, the seal clearance is 0.5 mil.

To evaluate the compression space leakage and hysteresis losses, the lower end
was tested seperately by bolting a plate on the engine flange. A motoring
test of the lower end indicated that leakage and hysteresis losses, when
projected to the design stroke, would be approximately 1800 W, which is about
800 W higher than design. Analytical evaluation showed reasonable agreement
with these test data when measured clearances and hysteresis factor of 2 were
applied. Running the code with these modifications had a small impact on
power shortfall. The conclusion was that the compression space leakage and

hysteresis were not the major cause of power shortfall.

ADM Cooler, ADM cooler internal fin gap is twice that of the EM cooler.
Tests were performed again with the bolted flange lower end with both ADM and

EM coolers to evaluate cooler hysteresis losses. Results indicated that while

the ADM cooler did add some additional hysteresis loss, this loss was small.




Flow Maldistribution. Flow deflectors were installed in the compression space

aligned with the slot in the hub, to reduce any maldistribution of flow veloc-
| [. ity in the cold duct. This test was repeated by installing the deflectors to
increase maldistribution. Comparison of test results indicated no appreci-

able performance change.

m Compression space surface temperature profile was measured by incorporating
o thermal strips (100-170°F range; resolution 10°F). Eight strips were located

. circumferentially around the displacer gas spring cylinder, four strips on the
compression space hub, and one strip on the piston face. Strips were also

located in both displacer gas springs and on the motor stator just beneath the

S- regenerator. The engine was tested at a mean head temperature of 660°C with a
displacer stroke of 18 mm. All the temperature strips on the compression

'j-‘f space surface indicated a temperature of 140°F. Temperatures at the top of

. the displacer motor liner and at the top of the head side displacer gas spring

- were in excess of 170°F, which was expected.

oy

i Cold-Connecting Duct. Pressure measurements at the two extreme positions of

r‘: the cold connecting duct did not indicate any major loss.

:?jfj Compression Space Volume. The top end of the EM was assembled on the bottom

o end of the ADM engine with an additional compression space volume of 500 ccs.

- The test results could not be explained in terms of a direct dead volume

Ry effect. It was decided to repeat this test again,

:- Gas Resonance. Eigenvalues and eigenfunctions of the fluid motion in the ADM
engine were calculated. The results indicated that gas resonance was not the

L' cause for power shortfall.

-;:} Tight Cooler Plenum. ADM cooler cold-side entrance was machined back 0.2 in.

- to provide an entrance plenum. A close-mesh screeen was installed at the cold

e side of the regenerator. The addition of the close-mesh screen was detri-

. mental to engine performance. In subsequent tests, this screen was removed.

Test results indicated that incorporation of cooler plenum did not result in

W

P any significant performance change.




FY84 ADM/EM Diagnostic Testing

m Since the above investigation did not yield any clues for the power shortfall,
1t was decided to lay out a logical test plan that compared the performance of

3:: the thermodynamically similar EM and ADM engines.

!, The differences between the ADM and the EM engine components are:

* Lower end -~ two power pistons versus one power pistonj larger surface

A
:;: area and dead volume in the ADM compression space; and different cold
connecting ducts
o™
' * Cooler - more open internal fins in the ADM; different water side fins

Displacer - the ADM has different displacer drive than the EM.

o The logic for using the EM engine to evaluate the reasons for the ADM power

shortfall was:
* If the ADM power shortfall was due to the displacer drive and/or cool-
er, testing the EM engine on the ADM engine bottom end should result in

higher performance than ADM top on ADM bottom.

N * If the problem is in the lower end, testing the EM on the ADM should

give the same performance as ADM on ADM.

* Since earier EM test data matched code predictions, EM on EM perform-

r.- . . .
BN ance should be better than ADM on ADM performance if the ADM engine is
S

run under EM thermodynamic c¢onditions (same pressure amplitude,
o displacer amplitude, and phase between the two).
DS
“ Based on the above, the following series of tests were performed with the ADM,

the EM, and the combination of the two engines at EM thermodynamic conditions:

* ADM top (ADMT) on ADM bottom (ADMB)
* EM top (EMT) on EM bottom (EMB)
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"1 * EM top on ADM bottom
* ADM top on EM bottom.

NN W
y . . .,
, o 3

These tests were performed in a slope/intercept format that allowed seperation
L of locked displacer parasitic losses from moving displacer parasitic losses

and power generation. The EM system Cell 5 engine was used for the above

| tests.

Figures A-1 through A-4 show the results that indicated that there was essen-

[ 2ar Iu R a8

A tially no performance difference between EMT on EMB, ADMT on ADMB, and EMT on
ADMB builds (very small differance between the EM system engine and the ADM

- :;‘ engine performance). ADMT on EMB was tested latter in 1985 and this test also
f o showed similar results., In addition, the EMT on EMB test data differed from
q :L: the code predictions in the same manner as the ADMT on ADMB test data differed
= from the code predictions. The performance of the EM system engine was well
below the previously measured (1982 and March 1984) EM performance Cell 3
engine data.
( ﬁi It was a surprise that the EM system engine behaved similar to the ADM engine.
' The question that arose was that if a good (good refers to EM engine which has
Qj: performance similar to EM performance engine) EMT is tested on ADMB, will the
. performance be similar to the EM engine; looking at all the available facts,
; I! the answer was yes. The focus, therefore, shifted to the understanding of why
T the EM system engine performed poorly as compared to the EM performance
. engine. Understanding this differance was the first goal of FY85 IR&D
S}l program, which was a necessary step in identifying the reason for the ADM
power shortfall (see Figure A-5). The other goals of IR&D FY85 program were:
: . * Validate slope/intercept performance evaluation technique
K Qi; * Build a good EM engine for testing on the ADM bottom end
a * Investigate influence of compression space volume on engine
SR performance.
x
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FY85 IR&D Program Results

The conclusions drawn from the above work were:

* The stator O-ring 1s necessary 1n order to maintain a high performance

level of the EM system engine. Incorporation of the O-ring improves
cycle efficiency by 6 points and PV power by 10 to 15%. Absence of the
O-ring results in a significant axial and circumferential regenerator
the axial temper-

temperature maldistribution. With the O-ring in,

ature profile is linear and circumferential temperature profile 1is

uniform.

* A performance engine with a generation 1l cooler is thermodynamically
stronger than the system engine. A performance engine with a gener-

ation 2 cooler is thermodynamically similar to the system engine.

* A system engine with a generation l cooler and stator O-ring is thermo-

dynamically similar to the performance engine.

From all of the above, we can sumarize the following facts:

1. The difference between the EM performance engine and system engine Ls
EM performance engine was assembled

in FY85;

in their build configuration.

with stator O-ring in (only earlier tests showed good

performance with builds without stator O-ring) from which we can
that is necessary only if the hardware has

conclude the O-ring

degraded with use), and with generation 1 cooler. The EM system
engine was tested without stator O-ring, and with generation 2 cool-

er.

EM performance engine (built with generation 1 cooler) is thermody-
namically much stronger than the EM system engine (built with gener-

ation 2 cooler).

EM system engine when tested with stator O-ring in and with gener-

ation 1 cooler performs similar to EM performance engine.
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4. ADM engine and EM system engine with generation 2 cooler have similar

thermodynamic performance.

5. Water side manifold in the ADM cooler is similar to the generation 2

cooler.

6. ALl ADM testing was performed without stator O-ring

Based on the above results the possible causes for the ADM power shortfall

were narrowed to:

l. Cooler configuration

2. 1Inadequate clearance

seal between the displacer liner and motor

stator in absence of the stator O-ring.

3. Large compression space dead volume causing some unknown loss.
Early FY86 Program Test Results

The EM performance engine was tested with and without increased dead volume in
the compression space. No performance degradation was seen with increase in
dead volume (17 cubic inches were added to the EM compression space to make

the dead volume similar to that in the ADM engine).

From the above test results, we would expect that the ADM engine performance

would significantly improve if the engine was tested with EM generation 1

cooler and with stator O-ring in.

From these test data, the influence of stator O-ring on performance was under-

standable. Without the O-ring, the effective temperature ratio across the
regenerator 1S reduced and a large temperature variation exists in the circum-
ferential direction which would obviously reduce the power generation capa-

bility of the engine.

A= l 5
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The influence of generation 2 cooler on engine performance was not clear. The

following gives the results of generation 1| and generation 2 tests on EM

engine (engine was tested with stator O-ring), performed in FY86.

At 5.9-bar pressure amplitude, the slope of PV power versus displacer

amplitude was similar between the two builds and the code prediction.

* At 7.5-bar pressure amplitude, the generation 2 cooler build had lower

slope than the generation 1 cooler cooler and the code predictions

* At 9.l-bar pressure amplitude, the slope difference between the gener-

ation 2 cooler build and the code predictions increased

Compression space temperature for generation 1 and generation 2 cooler

builds were similar for both 5.1- and 7.5-bar pressure amplitude tests

* Regenerator temperature profile between the generation 1l and gener-
ation 2 cooler builds were similar for both 5.9- and 7.5-bar pressure

amplitude tests

* Temperature profile on the external surface of the generation 2 cooler
build was measured by a hand-held themocouple. No significant temper-

ature variations were found on housing the surface

* Analysis did not indicate any significant performance penalty for

generation 2 cooler (1.5% slope difference)

* Load-line test results did not indicate any significant performance

difference between the generation 1l and generation 2 cooler builds.

The only logical conclusion that can be drawn from the above is that the
performance degredation in the generation 2 cooler build is not because of
inadequate heat transfer capability of generation 2 cooler. However, the
performance degradation with the generation 2 cooler was repeatable. We have

nat been able to understand the reason for this degradation in performance
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that exists in some tests and not in others (may be due to build to build

differences).

The conlusion reached after the early FY86 IR&D testing was that most probably
the ADM engine will perform well 1if the engine is assembled with the stator
O-ring in. This assumed that the external heat transfer in the generation 2
EM cooler was not the reason for the poor performance of the EM system engine.
The next planned test in FY86 IR&D program was to test the ADM engine with

generation 3 EM cooler and with stator O-ring in.
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S Summary

A tubed-head ADM engine was tested in both the load-line and the
slope/intercept format. These tests showed large temperature differential
between the back and the front row of the heater tubes (back row tubes had
about 150 to 200°C lower temperature than the front row tubes). In addition,
the heater tubes had large axial temperature variation. This was because of
the nonuniform gap between the tubes in the axial direction. Since the regen-
erator 1is connected to the back row tubes, the regenerator top temperature was
about 250 to 300°C lower than the front row tube temperatures. Under these
temperature conditons, the maximum PV power of 2.6 kW was achieved at approxi-
mately 18-mm of the displacer and the piston strokes. Any substantial
improvement in the engine PV power would require a better heater head temper-
ature distribution, which would invelve a major modification to the heater
head tubes. The available funds and time were not sufficient to perform the

necessary hardware corrections.

The only other major difference between the tubed head and monolithic head
builds was in the regenerator screens. Wire thickness of tubed head regenera-
tor was 3.5 mil, whereas the monolithic head regenerator matrix was made of

2.5-mil thick wire.

The only purpose of this appendix is to document the results obtained for

future reference.
Load-Line Test

Figures B-1* through B-8 show engine operating parameters plotted against
piston amplitude. Figures B-9 and B-10 compare the measured- and code-
predicted (CFAST) PV and thermodynamic power, respectively. Comparisons for
pressu-e amplitude, pressure wave phase angle, regenerator top and bottom

temperatures are shown in Figures B-11 through B-14.

*Figures for this appendix begin on page B-5.
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‘ Slope/Intercept Test

This test was performead at 600°C average front row tube tem erature, 80°
p g P

displacer phase angle, and 7.6-bar compression space pressure amplitude (60-
T bar mean pressure). Displacer stroke was varied from 4 to 12 mm. Test results

and code predictions are plotted on Figures B-15 through B~22.

Both the load-line and slope/intercept tests were performed on 23 August 1986

using test data file DADML.
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ADM Clearance Summary*

W _ W S e ———— G
R e :
PN PR
. a . L
e «fala

!‘ GCas Spring: Seal Between Gas Spring and Compression Space
Piston Cylinder Radial Clearance
Print Diameter 2.9541 2.9555 0.0006 (min)
2.9539 2.9553 0.0008 (max)
o Measured Diameter 2.95364 2.9538 0.0001 (avg)
N Power Piston: Seal Between Gas Spring and Compression Space
oo
i Piston Cylinder Radial Clearance
S Print Diameter 4.200 (nom) 4.201 0.00045 (min)
v Match Match 0.00055 (max)
!
k Machined Machined
i N Measured Diameter 4.20067 4.,2023 0.0008 (avg)
b
' E
; . Displacer Mator
] Sleeve in
2 "‘ Displacer Motor Radial Clearance
Print Diameter 3.680 3.6840 0.0017 (min)
o 3.679 3.6835 0.0025 (max)
i Measured Diameter 3.67924 3.6878 0.0043 (avg)

Post and Flange

4

E - Rod Post Radial Clearance

F - Print Diameter 1.6001 1.6011 0.0004 (min)

- 1.5999 1.6009 0.0006 (max)

s Measured Diameter 1.59942 1.60089 0.0007 (avg)

; Displacer: Seal Between Ppeay and Compression Space
Displacer Post Radial Clearance

Print Diameter 3.0715 3.0701 0.0006 (min)

- 3.0713 3.0699 0.0008 (max)

- Measured Diameter 3.07290 3.06964 0.0016 (avg)

*All dimensions in inches ‘

e ‘* R e O e
R TR N RN
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Power Piston/Cylinder Tolerance Study*

ial
;i;;Zr Piston Cylinder Port Band

1 4.20068 (No. 1 L) 4,2040
High: 4.20090 High: 4,2012 4,2010 4,2031
Low: 0.0001 Low: 4.2009 4.2043
Avg.: 0.0006 Avg.: 0,000«

2 4.20060 (No. 2 R) 4.,2017
High: 4,20110 High: 4.2018 4.2019 4.2019
Low: 0.0001 Low: 4.2016 4.2022
Avg.: 0.0004 Avg.: 0.0001

3 4.20086 Defective -
High: 4,20100 Not Inspected
Low: 0.0001
Avg.: 0.0005

4 4.19997 (No. 4 L) 4.2020
High: 4.20040 High: 4,2017 4,2018 4.2026
Low: 0.0001 Low: 4,2016 4,2040

Avg.: 0.0001

Avg.: 0.0002

*All dimensions in inches
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b

3

- Possible Combinations¥
- Piston
-
Cylinder No. 1 No. 2 No. 3 No. 4
r:‘y
1L Bore: 4.2012 4,2012 4,2012 4,2012
e Shaft: 4.,20068 4,20060 4.2086 4.19997
jrj Rad. Clearance: 0.08026 0.0003 0.00017 0.00062
— 2R Bore: 4.2018 4.,2018 4,2018 4,2018
- Shaft: 4.,20068 4,20060 4,2086 4.19997
) Rad. Clearance: 0.00056 0.00060 0.00047 0.00092
Band Radial: 0.0006
i 4L Bore: 4.2017 4.2017 4.2017 4.2017
Shaft: 4,20068 4.20060 4.2086 4,19997
Rad. Clearance: 0.00051 0.00055 0.00042 0.00087
Band Radial: 0.001
*All dimensions in inches
23
RN
D
"~
o
&
g
\‘,’\
{':‘ i
1.:_:
) E C-4
L

AT .(-‘.r".r AT
! N hﬁbﬁﬂ




Mav oo gon Gad e x dih Blain B Sob sk et Sl ha gyt Jiaw e fiab Bat it gt Bar et et Sat Jiat R N R T W R Y LT P U ¥ NJRyw W, vy v e Fv e

T

-
4
»

E 32 / !
- -J—\-. o . _ -‘_:
A ST s \,},‘A{',":_‘,.44,4-,,//‘// Sl S sl
C , B A
§: :':_:‘_' 1
i |
i
! A3 i A
- g || 2@ ——— ==
. |
:". E ,Q| A , f——, 00___
O A L0005 \ 81\
D A 10905 e Al
e l —‘L./v— | =e
t ! Y 7
T DT S AL A L
\ l
a ’
\ ! co?
|_\ B B B - /L : 9: !A
0005
= |~ 05 BEVEL ooe
- 30 (CRTIONAL ANGLE)
DETAIL CF INNER SLEEVE(ITEM @) FINAL MACHINING
(E(AESERATED SCALE)
-
STA o, DA - A (measvacn 3 PLes , 120°ARART) DiA-AT
%497k 6542 25860 36840
Al Y76 2.684 7556 % 3, (655
Az 3.6853 36881 3.69%0 &
- — T Ua-he
A3 ERERAS 2. E78 34792 0 3504
—— 3,70%
972
STR #/o. DA -R% (measveen 3 PeesS, 120°APALT ? <
N 3.090¢  2.pé% 3450 33
J
rR2 26915 2651, R £ <
— X

/\/ -
Moot STAToE e 0003 - LCET]

P P N I I O O N N WLIILE Bl T e TR R T
A AN P A NN S A R LR N C A g
N S i (R N (R T R R e

“u




M Tk 28 ‘e A% g

v

LAl Sabn

LA B B Sl Bud Lol iaf o

At ol aRa oo

LB A gar g

~E LW UWTWY vy w g ey e

b s 4

ERely 1— 2
1oV 1Mvos qnsn v e
LR R BN NN % w << :_4 z
~ - =S w ninoa 3
< i (Siiny) WIS igooc |3
NOLLD3AST™ DONINIVIDYN Tving 4 Tvyatvn ~(Q~ wvmrd a3 m [T 4
1SSV NIV o o , S |-
! jﬁwm_ow.,.:_. TYIUATYNY A s1aviuns v F w00 EQQ .nw..» N..u.v.ﬂw(uv WI NWMQ'
' ¥ ¥ ¥ yor - W- vuya L¥y™ Q- =Tvaans
MOk mON ‘urwiney il g LY SHOIHOVHS  SWid3a
ouq ABojouyde ) [esjueydew \ w10 INO SIINYHII0L f 4 "vaa € i
v TR, SIHONI NI IV SNOISNIWIO [aw RGOS WIF T L7090
7, 3 U cluvea 03112348 ISIMYIMIO SSTINN -W- wuvd 23n 0 v
1Nowna Iv4ioL
To5et] 55557 Jor31] VD8
gorice| nsrb el AE2L0 2| 4
Lzticelzz2(02|552007 ¢
SWO BVELY 022L0¢j05TLT'el SLIL7g| 2o
= h 1Ho3M - 2MA0sM|0FSL2 0 952402} STeL7 el 1D
- - 9cvAuns m AU Wa34 5 51 Uvaeity ¥ vic Y oN.
' . rav O SeDU 2ING ¥ IU DI
7, £5 ALiaimny 66835'1 5 wiq sowng mansin |7 TG00, TS TEME™ | vae |
3 7 dWaL Wooy 10971’ b
Je . . OoS'e
93/81] 3alvd Lo v 4D €D 2D
~Lo YWE B\, = - = e o . — °
s 79 A8 d2AD03dSN) <! &y a0 Y P P ose
A aalsanbad yILQ'e . o
707 oM YIS T
S1/0-¢0G0/07  OM 13Vd I
. LATS]
r va b e - e
Q b . 0L L L woud -.m. I/ *
dm\ Eeavell YiIQ QG 31734500 QavcivinD - - /
e ATy, — —. S A ; v
(M 5000, ADossl 1 T o ke S A
“waonay | 3ive OV DS Tt “was | ) Wi
G 90-rIdgion] ¢ SNOISIATY T
A s

- Y I . ., .
. P < 'y [ PRI | L X, A4, Id o faTe LY ~g ° - - a_v 2 Ly -
r\_r B ...u e ” ..\..\. o ". ., .v........... —.-v ' .-.. \H . J\.. (.‘ Y .—a .-J;--\. ,-N-..J uv-.f..a.._ 2t Cet . SN el
. « i Tats # v e x s et ParSh At h ok T LAl A o »




m}

u“ -t* e _ oSy
bttty 2 somimon
SEQ0-vId8I0I |1 1v492 : ; ;. A1 vnd INIALYINL
S\ HS s | ON INIOI 3009 1:;; aﬂﬁﬁﬂé woMd rowd
NOILDD4S NI AI3M Yo o AT

T Nivw

ASSY J3DV4SIA R
LALLY pe—prnprs %Jﬂd«wuza v

SHINNOD JHVHS NvING
/N S10viEns v ¥ 0

WOL mey ‘weney . $319MY SNOIIIVYY sTYNID30
'ou) ABojouyde | [edjuUTYIe Y QE A iz YOV ENTE,,,, MO $IINVHIOL
%7 - SININE MY Iy SNOISNIWIG
ﬁ\: —v3 ] \w.xls.o

031313148 ISIMYIHIO SSIINN

SYNNA JAONIN ONY

¥ ¥ o0

ALLIWASL DNINIHOYW ON

LA

— DBNII3M JaAUAY ST Y LNONNS 7 B - 2! — .%-i
TINCESD¥d Miv
DISA OO 1Y IHDIL I19ang <qaam
1831 33NSS334d
SO 5X%281 <00’ by Nﬁuﬁumv W1d Joc
<8 JHDIDM N=- wWnlvd L3~ -y~ wnivd
Y I0OONDhd
7], 75 raoalWny e -
EP 77 dW31L WO
515 Alvd
TR A8 anbadew
— T )9 aass3Inonay TV
; T e T T O TwWIann
_ T Slio-eoao’/al T On1avd
I T (U S (Y
s SN
Sk
-
S RIERECY, v —- —
IWAOHAAY 3lvo NOtIJTHI5 10 WS 3 —_ e - \V“ —_— .'_
v | ec00-p1g8101] 9 V| Lb's -
A ws ]
... . .. y ’ ‘.. tet \-, -- .-.. N .-. \-.a -.-4 o\ ....., . e * x o s Sy Y N
NI -u- PR m-w .._).. - _1.\-.." Y .-\au ot .-v .’ r..-r Sttt . * Tehe l_v-. - ...t A--f\f. f\.-&'(. -FH-F-‘.

PLEZY SO OY OININNNY

>

e
-
o

N
>

oL

-
'»
by

- ~h,’.- ... n !
WSHENLR i

V)
Can s
i

-
™

S

-
-
#

YGRS
FANE i
RV 3.0y

A
Sw



~9

e Y

o N

S "

A A 8 s Bl Sk il Bl .8 S8 Gaf Sl Sl Sl Sl Sl Bl il Sadl Bl Soll Shall Bl Bl Sl Ball 2 Sl JRh S i Shafl S NP S e e e A Y

TR W

Fa

S R T YT R Ay i s [ ol vt s 0 A A T U0 o

. . IR T O I IO il O b i st RS e ol O It A ol Il B ozw_.f_;‘ A «A,<_ bbb

10 S S O I T o It o et Y R 7 8 «u_x;w>r<n4« A4 70 100 N I S T O

S Tt v A o et el Il et s R o v et i A i X e s oot e
; oG 2 O P [l el i O el i [ ) gt 1 o i e e o o e L 7 S A

B O I ot Iy o AT A IS e L e by A mz.w{maﬂ any oy shushy |

A T it I D B v I I Y O Y B A e N A A iyt

i > N ETH S N _ ALl ha ﬁf@. ST EE afieds o) g [redzugn pauysey

D L AR G AL AP | Lo 2 Lo e EEr P

Ol A A e s e e 2 Al o i

R Oy

LU FEEEE R R Bl e e prag e s |
S il Bt e . o et e e R Rt e e et .uwrg».wfwm¢uw» - o

c-8
.A’;-.

F004 -GN T . ven N n

P

-
-

9
...
RO
rara

.
"l
AR

T LB TR L b T
Ao B R L | aviow] wibwils-ataviv | 69
N I T OO O £ P30 DU U U 2 A R N JONON SO SO S SON DRy (RS TN VU ot E A N SO TSN RN SR BN B O W__]; 1.2 :L. R O
: ;Q>% e ¥r)um.quwau4gﬁnﬂdﬁlwpiz_ e Wﬂﬁ _ fi?éz;ﬂs.
BN A 2 0 I N e i I 22 0 T 0 R A SR O

\\__% ._c\ A ot 11 | :_ ,? .) h_..‘._z R N N ] W\U.‘u MRS L_,M\.de_ e .:T& jr?: _
1 . | ,-__....;_.._ R I B A.,,J_.%S. =" __gi T " _ e %.
- - , e | L . - _ ..f.,._lL: N IIN.MWA\‘_ (\\P.. \WN\“: \c..q_m.»\ " . 35_>~ , ..
- Js!q;;w,mIQﬂWa«;linvi«rlﬁwwiﬂf%@gﬁgiT?:#L;:T_ 4 : X

L . . .>4.‘ . S
AN AN VIR RN o

RIS
e U

AN

o«

N
-
.

-~
,f\
LN

#
T
~—
=
|4
3
.

o

i N

"y N

ey

v

TS
N
Tl

a
-

e
P ‘L
PN A

- .

-
[
A
M L
1-. -
- -n
Ca
-",-
g
’w
- ' h
e
:. -'
-. .-
RS
Tw
e
¢
La
.
<
“l
S0,
U
i

)
»
»
»
b
B
u
p
b




! N
[}

ﬁ cyLmonee  Pho J010E0L -001 2.
: S Lerr =

m
: - ;7@_2
- T —fi’,/ o -
= R

AS Al AS AL

! '

*—, 5'°°—’<——l T2 ey

L

J
<

|
|
:__2 xa_... |
._':\ A l
: ~ - ') ] |
RN e [ LO— |
\i J/ 1 \ I
A % / =
‘ '__,Q_T,__K/V/r_/_//_,_n. /////Z/: v_-=
Y
) 4,202 STR Ao DA - A- Cmusum 3 Pees, /20° APALT)
! Pc.sat. Ac:.ul.p.c.} U)T
. 4,200 Al Yonls ,..,a/ w06
Vaz “Zoue w2910 42043 | |Re7
DiAmeleAc A “* 70 0D Y, 2t/ 9‘— zZ0 12
T ClanpawcE Al HG,26 172 “2c/! e i
. cO? AS ez $ 270/ %201 =
001! AL “ori2 w2010 WY ¢, 25
o STRAIGHTVESS OF BIA-A- RETLess STA | 4 STAL
. 220 Fl.m (4 neciman feace Aa:ue.ar..}ﬂ
i L 2CL2 Ecc




D am oh L aa aa

-

s

".
‘-'.{'i :

-
L
]
T

’
«

NETE A
v Y
.

fu

XA
LR

g
i

-
L

12

st ——
e ——

CYLionee Plv /0/0E0G -
/7/r\J Frenm &

n

s iy /);TT\—V L pr—
N T A A

—_—

|
l A'; Aq AS ALo ‘

! '

? |

«—B.Oo—s-<—l VOt 2 | O /:2-0'6—
<——2 lo_,..

y—/»—é -

l
!
A i
l
|

v 1

pa—— -

I =

STR Ao

DA -A- (MmErSvesn 3 Pes. /20°ARALTY

wi A Puacl Accuésc)

Al & 2007 #2018 “. 2618
(az 42017 “20i% +.2cz2 ) o
AT 2017 %,20/2 v Zl15
Ad w2017 w, 218 L2ty
AS Y, 271, 0"‘< Lzoci& % 2017
Al %.20i¢% “.2c010¢4 '7‘.:‘6/?0)(

STRAILKHTVESS OF DIA-A-

CC0CS £z

V. 77 4 ¢
........... N~ .‘. . - . _".J_'. T _'. - ".J_'- s .'.I‘- - ‘n-.\
"""""" N A A A O A S Ry NSy

BETLes > STA | & STR O
(4 DECImAL Prace Ac.Cue:.c.}A

At e T O L b S -‘"‘i.\'mﬂ' AN

TP S A A P MY AT e 2 e




Wm — Al o VYW e L W e e e
{ gnd aied Aub 2ok 8. Sab Bab Sat Sialt Aall b olintd N Aok Bab aus Bat hat liae et T
o b aakalier Bav. Rab o Shd

b

.

ﬁ cyLmonece P /0/0EO0G -o0le.
L 5/ lerrSios F

i 7

~ AR ""'/ ARIT S ot V7 rv—>\
. = e
t-‘-; = S——

ard

, A Al AS AL i A
o «l——-,.oo———x——/ Sy vy |
&= ;

‘«.‘__.2 1ot

|
r i i
- L

i = e L
Z

STA Ao Dia-A- (mensveen 3 Pies. /20°APALT)
wi/ 4| PLacl Accves)y o\,\r
b | Al $zoy7? 0 Y2cic 420 o]
~ A2 4. 2cze & 2ol s S 2y P
AL 2ol 7 e o7 Y2217
) AL ¢ 2007 w217 wzere N
AS L2017 folle i€ ¥ 2
’\’ Al G zct 7 L Le il 7 U2
i STRAIGHTMESS OF DIA-A- BETLoes£A STA | 8 STAL
L0002 Flm (4 DECimAL Prace AcCrBacY )
7 L2l Eze.
i

~~~~~ \. -
NI R




.
'|
| W

»

-
P
K

' "}] ¢ '/ I

s
¢

F‘ . !
“ .’

s

0
LS50

8

'P\sTar\_\ P/u 010D -0010 /N |

{

= AT L

-

I
[ 4
I’ VAR
— . —= A
! %
I L
| 1] l
, : — /
="V/ VS S S S SfSfSSSSaTTTH A
0/2 —lr 2w 2'70 ._' ¥y .
Al ' ’l
Az A3 A4
-8-
mEAscerzl 3 PrreS./20 APALT
4 20| STA WD DiA=- A- (r /! Q DELmAL Prack AccbAcY.
4,199 Al Y4 208 W 2c070 4.25‘(?590‘;(
. K
DirmeTeAL AL ¢. 20075 4,20075 G 260400
CL“;’:;J A2 420065 Y o085 wopoes
ool A4 420065  _w2octS #2065

STRAIGHTAMESS oF DiA-A- BeTwerwo <TA | 2 S7A4

00073 .00/ Fim (4 Ocemac Puace Acevoacy)

<ToTAL BuweuT SuerFacs -B8- w.B.r D/A-A-

OO0S - 200 Lo Frm (.Ac:.uAAn: 10 4 DEwmAL Pc.r.s)

o "\ L i"\\"\f\"\-‘ \f\f\-'- o -‘\‘ﬂ
R A A AR R

WL R AT AV
. N ,




1%

."ll :'l "

b

VNS

l‘l

-------- A Sa it Seeite oid o5a sud add oS AAa o a8~ RE-oRat latage’ gat, Aat fat Sat Sev et Sl St Ball Seb Ml Lol b And Aol hedl ) 'L"Y'H-IWIWITWV‘L"'T

—_— _ ;:‘ _ _<~ _A-
I |
ﬂ ) l
=/ t//////////////,w /7"/—‘
0/2 it Zo-p l Z'.?o .J“ 2"70
K | |
-B. |
m&nsad.zﬂ 3 el . /20 APALT
ST wo D/A- A- (, DAL Praclt AccwbAcY.
Al W, D058 %266‘764 w200 48
AL 426026 o"‘ 20045 L20¢37
A2 4.20028 420045 420047
. - - A
AL Y,201¢5 (428110 420)]07

P\Srou P/u [OIODRDCL-0010 SN 2

——-//// V////////////////)Tj s

? /
| 7/
T

‘A

3

STRARIGHTAMESS oF D/A-A- ReTwérwo STA 1 32 STAG

yocoo! Flm (4 Oeemae Prace Aa_weaw)

TotAL EuweuT SueFracs -B~ w.B.r DrA-A-

ccon Fim (.Ar_c.uAA7c 10 4 DEwmac chS)

~ NN 3
NN NI \\a.\a-r.r.r,\-r

= "‘\-'-

LIS,




R L N e e e R R EE R RS S22 SA s A A A A A e el 000 At 0 A SR A A ASAS Al Al &8 et d 1k G Af Tl ad Aah Seh Sd el nd Aad ad s |

R Yo 1010Da-0010

I~

1

- =V 7777777 7 7

/
/]

|
|
S

] W
e I /1
- 0 {1
by J/‘
- =TI 7T T T Y
o l l
p
3 ./2 Zow o Z,?o Zojo

N | |
A A3 A4

mERSLZD 3 FirS ./20 APAAT
- STA w0 D/A- A~ ’ pu/ Q DEZmaL Prack AccobAcy

Al w2000 Yzocen W _H4.22e30

SRR - S
L]
v

. AL u.:«oc?s‘vf “20C8E 20085

. A2 YL 2oovs $. 20085 “ ooy e
) Al Yoross Uzoors w2ooes
. STRAIGHTAMESS oF D/IA-A~ ReTwerio STA ) 4 S7TAG
R LoD/ Fim (4 Ocemae Prace Aa.uéAc.:/)
ToTARL EuweuT Suefncz -8B~ w.B.r D/A-A-
s il Ei1m (.Ac.c.uAA7C T0 4 DEumA. ch.a

o E C-14

P el S B T P e e A e e T T
\,\'.,..,. ~

A T N R _':._,‘.J- REROANA N, L. -.',-"_-“_;-:‘.';‘4-::.’“.-.'_-. R _..-_:"’-x;:"_i
mmhh‘hw*lmhb\ah'hat‘ -~ 4\- P .\A 5- A AT I e e I I R e L



‘; o
e

P\S\‘ou P/u [ OI0D L -0010
n S/ 4

N I
NS

=/ VI 7 77

i ¥ /Tr/

/

ol o §

VRN

l
TN

NN

- 1/
R . i . —

. — VS S S S S SS ST
e /2 1’4 2.0 r -] ——.-'-G—ZDO
i Al

o A% A3 A4

mEASLLED A FLL£S ./20 APALT

STA wD Dia- A- (/ _a._,/ Q Decoman P AccbAcY.
n Al t200/0 M w20c¥f0) Lopoasl
AL G 15250 420000 thioeos
- A2 %/‘,"?'7_, & 12220 S 2ePl
RS Al F1242p “4.192g5 & |22 2"
- STRAIGHTMESS oF DIA-A- REYwerio <TA | 4 S7A4
o Lo/ Fim C‘q Deemac Prace Acuaénc.u)
o,
o TOTRL  BuwouT  Suemmes -B- w.B.T D/A-A-
' L O Fim LACLuAA?E 10 4 DEwmAL Pc.cs)
3
):‘4
AR A SR e ,-,‘ ,,,,, . AU 'r;f\‘-‘ “\x.“: .:." .‘ g




// 7 ' '
! 2«9?90
L / g (PO 5, 9978

/

N T T U N U L R T T T AT A T T R T T N T A N WL W NI R VLSS ST Y AT R R T NN ETAT RIS TATAMILTAYAT LAY LY el e ‘OT
B
| §
)
\) .
o MGAWRALD 27 Jome #o Ué‘& -
T eror
n A -B- 2.9537
y R 2,153 8
. 2.45>%
- ' : :
R _X // e / // /
| o | o -
B | = \
- | % T
! | :
| 1
~ A - L DIA
-~ ' ! '
l | !
, L 9=

U:Z\ 2.955Y
2.98S>

,500; .8l0 .80 81O
l ¢ ] ]

.r(_" I ya 3 4
STA DlaA 'L’ #
NO THREES MCASURTCUENT S {200 ARART. AT
SA STR £ ACCURATE ™o 5 DECMAL OUS. NCTE VISIBLe FLAWS. (o L)
295267 j29<v3” 2936 DESCRIRS ¢ Ao h A a ]
2.9526° 1295y |2.9537 | Stratches (N arce  between)

|
| .
3 lg9<22 2.95Y) 295 3¢ st T3ey
) 4- 2953297 |ags2y |2953¢
FERPINDICULARITY
v TiA LT WR T SURFACE -RB-
coo/ Fom (IS )
= v ulol 2c

SURFACE FINISH (om D)
L 2 O AN AA

(

; V.7 4 o1h




. ...:3 t* v 1— aInss [ — - m
crco-paciol o | [v09z [r it o —— IS TS
e o AN L R 2SR .

ans | ‘ow waan 3009 | LT CTTPIRY vows rows s MNUNIW.QWHW.V\r}uLw: el S
Fuisd iz 22y v ' 27 PR, 54 {
HOLLD3ASNI YoNT BN TINIIYR L3- mvaurs Wazf\,_u I n:/ ENTalN B
- . e SHMNA IACHIY ONY - = .
FOLSIA DH13AS SV ZEE] i vrou AT e |
: NS RN T2 %\\w ev\\/«ﬁ “, T ¥ 000 o
TOL meN ) L2l AL SNOILOVEY  STYMIO3A HSINIG DDvda
suj ABojouyse | |¥3jueydey E PG AT O BT wone ot o Mw.u%uuw,_xmw <74 vmiod
vys iy T Lduz;ss 03112348 ISIMHINIO SSTINN \%\ v oL sevah;y
-J2-WNLYvQ Lam
Tl MHIDEA S oL 233ENOOVY any .
APV OT) (TRl 29 0L mpzwzwusmﬁzﬂﬂ 2@00’ (v Somafd)) WIS @x
D= Wnivd 1AM \q
ANONMA )./.\l_\of._l
0,079 Lo/ \\xﬁ&&%&&w&\ L&K\o
WD A fo09:1| 2002 00971 1A ~
can MO 32T NARE I A RTINS n
e - — =~ o
Teeswtz| [acse 2| kershcf 20
\ 25 A LEQrNmi LeSe'2 ThELp L 0Ll T Lk SR T 4,
A, o T W3 WOON Ipsé 't G&J TS vy i sinaonsan g | O
—— e ————— e e e . [T ! ‘
2373i]3 Alvd V.4a.* 7, 5v1a vie
U= ETIT A a3 s paeb2  udy ﬁ,«lw
P X 1= T O B 2766 2 —
-ORG '.ﬂ
- T jsn T T O vinag el £ B
T 3500:869Q0/07 7 0N awd 0
o
|
virt - NANGT
o, - : *
A/

4 \,..\,\%; QA A5 | vy AN p ‘ _ N
e e S TV T E— T3 -

T G T T weddwanaa s * ‘L \ Fea T e T IT R _ &
o Vel SHNISIAIY SARC

AN s




[ ae as. ma. A e Bl St A Sta Sous Ate Sty B e N AN Al Yl Sl Aol Sak Sal Gt Ba® Ba® Aot Ra® oot Livall ol sl SN st S S IF S A S A R tal Sad e i e e JAEA S A AR S M S e 'T

(LZLec

ANV Y)

I

|
:
0
|

H U DO N B

_f

- !l‘
t UG-G/

ey

L2l

SCRARRER S T
-l ) Qvpa | ¥2) _ |-
B IV ol - : ;_mm_a_aﬁ,
. o I
1 fsodouy e.u_.r,x;uﬂ T oY
A - by
. ) ul qu = |aig|jjed ]|
e .IC Ouu_; - (W‘. IYHJ >_D __ﬂr ~u__;~> __CD:
. ) 4£L
- Q vy _
_ d g T
—ii oA -8l u” L_ A
U P K “aa .
o m. T, h N RN Sl

C-18

..Im
hS

n-'.‘ * ---' M
N

EA NS
vl':‘n".'y

¥

e

DAY

"

WA NS
:'J'_ 2t

b




...n.-
082128 9N/ ABy Yy
. .\-\
s
I I =7 Sttt VETTT Y ...‘.uu.
Z/ \\\,. ! 4 .\Nt HOI VIS ..”.\
0193460 THvanoo Iv — $5320u4 N g oy
I prany e INOD QUUY 104 TOUJ 3W4 D0 oI .
10160 tuvs OLIuvIl E340D NOIDIJSNI 40 dAL .\.“s
\.\ [
R 174 H..\M
—|——- -
(¢4 -.F\-K
W
114 \(ur.h
_. 7
bt xa..M
« x..@
&
[]] ; h
T H...
(1) \”-..
N H} ...u.
] " o o
! \ 1 wow ¢ F_u ..u._h-
o | %
e D« \ / 1] U..am
wc N o Bl
| ‘ e
] \..\.x
CSHLe /| BREEST| TR F7 3P BSv07[~SHLES) s
_ ]
TTAEESTI| a R Ll A5TEST TT B DI SbLRSI| s
ML) 14
2SS BLELSTT| OSURT Y .
AL . z
VBV T Ecbbs 1| osbbs? AT, BTwTT-SEEEY| ity
*y
1233 | 14332v —c...u..w:..— nosrshda wWhiov . gzl .0 _ INOz _ SNOBNING DHMYL ’ ....”.u
oN— ABSTASIT WY ws
] \U \ Ry
ON UMO ONIEYOD mmw-ﬁ.mh.— LV SV ! 7\:“”:: RIZTEH h\.. 0‘0 INMD J‘p._lm_ 1uvd 90 INVN et
/| auonau Noiroadsni (70-L 272 ~PAEO| T~ 07— ontams
Ay oM OMO T AUINYID e NSEIN W oL Y ocR127C 4 N\:\ on u3auo| ﬂ&\\ N\\\ 3ve

¥

) oo e - . PR > . - R RO v , K v . ‘e e s e o
(e R . e i L .._ . "t ...ﬁ "o . o W -.-A SN, . o W .-M ; -.f-. Ve ..-... i - i
v S Wt e . Y . M LR A T LN e e . o [ LN R Al * f —m o8 —




""‘l"l_“l"l'l.’."."l"l"‘1

h G &0 &b LA &

AT

OBLICH YU/ b AVl

C-Uusmz INN0S

AT

YOI IS ANYINO)

123N 143y
10V WO Juvy

dHUD GUUY M) (OIS 3NS D0

01 Hav3 b 60D

— T d3mo ['s]

T xouvis
1V - §5300Ud N g

ONINZO Y [s]

HOIUD R4S JO 3dAs

11

(£

[ 4

24

114

or

[l

3 g -

_ "
| o

>\~ 11

ﬁ
IO AN T

R L o

AN |

C 901097

aoloof

~
&
N
§

Elee?Y

RV
L9PoT]

07077

PSIOTTSEOT| ¢

TE40277

T3TPTT

T SIS LT

128 _ 14300v

~x
YA

NOKH IVIT WOV

o/

SHOBHINKD DNMYUG

DHILYOD WO Q.:.(-a—

IVRIL AV

/ ayoNay NONLDIJSNI

_<==<:_ ANV

DEMUOVMOM W aMmi) by

\.ﬁ-m 2075 -FAZ
QN\NN.MNQ\ ON U3aUO

AN & bﬂg P
0a-¢ E_m,\c_ al .&

-:1& 20 VN

il ~ ;ollnaloz_:.a

73/1T7% e

o-20

mNTe

BNE oL o
\,.-"..

F3s)
Wy Wy

-

LS T n e
e

iﬁih'\‘i‘*i*

b
YN

k




ladiadie |

28/

v

7

¢

)

,_“ _ I\w A _ . .(..‘.,_, - |

m . N.$«W&Q\M I\h/ﬁ%\\e\\f M)V%N?m” @.\$QNNMJ o/ .
1 9} 00 - cad o)ol t\ A | e S| & s
: . ’ | | |

: Phavig vy ysa) Ly B I \

w | ' | Q mu_so\.m..m, mu\mﬁﬁm. m,m\mq\im, m,L_,mQQ‘mv l/ -\&
3

w =€l al, G/ O

4
4
. —
&
()]
B
AN AT
I ;m \/m i\.
-0
i ford ||
w_ o
3 . . .
BN WhONRS s Lo

|_A%a At
.-
po
]
-
»
E‘
A"
s
-~
-
I. !
- "
.-
~
\h\.-
IA- .
x>
S
._I
-
-
\.._\
W
g!"*
~




Ve

T/ <

V)

207220
LO7

Lot avd oy
\
\\
>/
-

)

[N

)
—l

)
)

o3

— /H A\ Q. 1
Y oec

o

-
o

" Al Sl CARatal dalh il Sk Sag B A e o o
cdcx -codf 2
- - -—
—— /-/ — -
N——
Ye*
< o
1 O
/25°
S0
\W{I\y
Fov o
)
SR A
M{A}.{ JA;(. l-;. -~

.
-
;
-
il
"
-}
I
Pred
e
- -
/o~
)
- v
.
P
S
"alal

— AJ/ N L\ TR S

o 0 B o

by o, 0 o R
RV TV L] W
<) ~ .......

] v
N hRY

f
2
/

¢ "
~
i
N ;
07270
772
LTI g%
" ‘--
A A ALA

/
>
-~

~
L
/
el
¢

D
A
s
s -
A —
".\-_.-'_..;_..;_..-_. ot
e lafasial

Cd

Z
[
——
q
- -. '-"
Taln

-
’/
——
-
---
T




CMT MO N W, WS N Y N

P
» e - - -
; S N R L D e P ~ by CArfrLizn w
e . —
j ﬂ TEST CELL,  ®z ADM WL M7= 19999 .
O ccATs TYoT Ko -22180-S5ul SPL
< 2= R
s TURTTIVITY inmea /INDC QT=ER NQTD‘I:LQ-
LL' o Tar TIIn AT
1
- reSiTiON WRT PRORE: Aoy PR0SE: Xoa | SUFMATICN 2 157,
| MIDSTRUKE [ s/ o N: 023373 oy =30 S
o Hos il S/ _az22336 S/N: 0-332220 QUTRLT FRCM ST,
e . = Tus, | oMMig Han. (=20, NS D REIS
i 3.5 1+12.70
2 Up 1+ 08 |+17,L3 —1,133 -1.134 H130 -6
b T A 10,8 {+10,15 = 1,021 = 1017 t1.019 +.2
ARy P 1533 |+7.82 — 755 -7 1767 t-7
D +0.2 1+5.08 -.502 = $os +.S0S =G
o<
| EREERET ~.750 =25 +.253 —. ¢
E: I n -.0c4 +.000 +.0072
N -0,1 |-,5u +.24% + 282 —=. 250 —le
. V -n.2 |-5,08 +.500 +.505% = Sol =14
b (i IR A .73 +.767 -764 +4.3
X
Moy o115 1 hoiz +1.017 - 014 0.2
-3,L5 |-11,43 L1kl +1,132 —1.129 =22
o -1, -12.79
E e,
. <N N3 <N 230
+0.02 1+3.238
0,05 1+0.782
: =1 ne =107
. +3.05 |+1.270
o 0,02 1+1,524
=3.07 |+1,778
o +0.02 |+2.032
2 +0.09 [+2.278
L <1,17 1+7 &0
o 511 [0,
: ' =017 |=5.70<8
' I . T
E o F2iARAS: e oS Driad oLk Afu f/’f*'/"r"' Ly Zop it
L. ret o T oyt O e AT v .
‘ ! cizpsnoy BY. S A LT
e M e
o DATE: N N PA
’-_.' T > 7
Cad
RNy .-z {'-f"",.(‘_!-' I.r-l‘_l ._\_.,- oo f
W :.:y"\:.‘ m‘.& ~ ¢ M




e At tatutat ek et i “al A ahe S St S A SR A A A PUORTFTRTERESS S LT T e P B R T e ? S S ‘[
1Y
N
’ s 23T (B, F=2 Ao T\, ITE 10998
N oaARc TVYTT “Det2ED-IRSEFL L
A NN SEBVINRS. ormm I es OT2FY T4STRIMEYTR. Z/AC
- TWDICATOR.
s
| m | Fosiiicd WA PSCRE; XA | PRORE: kspz| SUFMATION 7 TEL
Ko ._’ 1‘1'—\,\*:;"!,’: R . _ — - .
o Al MISTRRE | s/wy gmzzes | SN oz2390] QUTRLT FroM ST, L
— e Y -~ . Y sope
S | S0 Tus, Dwrs | cuag, CEA Cepy APl | T
N =055 | F3T7 |~ 29 -1.397 ~1.389 -0.6
[‘1'3.5 +12.701 -rzs6 —-1.27 —~/.244 -0.5
- =0 LS 11105 ) —rse7 —/15§ -/, /53 $0.9
o A+3.8 1£20,16 | ~rnoif -/025 —/.02/ (0.5
L+3 |+7.62 | -,725 | _ 732 —73¢ —27
31+0.2 [+5.08 | =423 a3 —, 923 =49
Q1+, 1 |+7.c5a -23% -, 239 - 239 =57
N n .00 . 008 +, 009
-2, 1 |-2,54 +.25 #.252 +.258 o
Sl-n 2 lex 0y +.503 +,592 4,506 —0.¢ .
1-03 TR |+ 7SS -, 747 r 7549 ~/0
bl 1018 | rree7 992 | Ar005 e
-0.45 |-11.43 | #ni32 £ 109 #4029 17
-0, -12.79 1,158 +/.245 rt.256 -0,
-0.55 {=12.97 | *iY%o +/1378 ~1.389 —0.6
] l !
0 0 ]
A E A
+7.02 1+1.808 B
+3,05 1#3.762
0 L J+1.015
3,05 |+1,27
~31.07 |#1. 524 ,
2.07 |1#1.778
+3.03 1+2.032
S.0% #7775
=2, 10 #7549
SRR LWL
=3,12 |=3,0L8 |
REAARKS: Cytpince 2unga
“ o 7 7.
PERFORMED BY: Xeladeent”
e DATE . @ o-R
V.~77 4 -3
e en VST T, T I
T AR PPl AL f e, .\'}_"-_'n’\. ', j‘-, , P - AT . h\\
s S S A A T gy PG/ RSN "‘ AR NNV




R

DINPLACEMENT PNORE FAl TURATI Y

-

s TeST CErL ADu 72 Ny, AT7Z-/0992F
) CCNRE TYoE., KD -2250-IdB SA-
o SENSITIVITY: (0 mm 1O OT=ER TNSTIVMENTS. nise
i WD CATER
- POSITION WRT PRORE: X422 |  PRORF: 4424 | SUMMATLOM 2 DFY,
B | MIDSTRGKE | s/N: zizzzes | S/N: 223287 OUTPUT FROM ST.
=t Ivs, | Mg CHAN: _CHAN: CHAN: XAzp LIHE
= +2.85 [+1397 | -t.393 -[.402 -1.239% +.]
+1.5 [#12,70 | -1.260 —-1.264 - 1263 -t
:7 A +0 45 |+]11, 43 -1is3 - 1S3 1184 +.0
L {+0,4 |+10,16 | -1.020 - (.06 -10/® +0.2
Y [+0.3 [+7.62 | -.75¢ -746: —~752 -2
...1 V140,72 |+5.08 |-~.«9s -448 -. 496 -2.4
+7.1 +7 &4 =.247 — 245 —.24(, =32
N 0.00 —~0.00 ©.00
-0, 1 |-2.54 +.257 +,248 +.2513 -o0.4
-n.92 -5.08 +. i + .500 + .50 -0
ti RN S T -7 223 +.752 760 =03
Mlau |-1n 18] + 1008 +1,00f ryio0lz -0.4
. []-0.45 |-11,43 ) 11136 +.128 1133 —0.9
- V1-0.5 1-12.70 | #1263 + (26c +1262 -0.4
-0.851-12897| +)1.420 623 Ly +1.7?
" , 0 0
ab +1 N1 |+n 784
. +1.02 |{+3.503
b +1,03 149,762
0.0k |+1.016
L 1+3.85 1=1,270
. | 0,08 [|+1. B4
+3.07 |+1.778 o
- +],03 {+2.052 _
ms +1,09 [+2,2%6 _
+7,10 1+72,540
- +3.11 |+2.7¢84
’ +3.12 {+3,0u8
e EIARKS Za o Bz
. . s
T PERFORMED BY: SfedolhnT
o . DATE : 222
S

WA N A
'-..". f\ " '_‘. ~"

‘.* s




e an. an o o g Sn as ooant o un 0

TETRT AT W TN

Te T MT NMT R

AT BT R WY

- ’

£

'{s_rcnuiixf_ﬁ%}@}éxmge '

' ,;A|.|T ‘l u .

. CALTBRATION.LABORATORY = NKR PI

BE: f'/;’ L7220 ’“6"’ //“" 1t
;5:-~ s o . - TN
__: SR g ~. T Sl i - - -t ) FNL
g S = AaXD 43D { TTSsT 1T=™M N
: SRR Y-Vl leozz | | 2272 .
g' 4 e s ool - - W,
N A e S lp. 200 No.zoob™ ¢
IR AR Y 22 Y
) ez ) m ) s pal] N prul =5
H IR Ay 2 T X e
Plsd o)l o | =270l k) 1S5 | -
5.) Ryl PRV lg.e971 - - -1 a
znd s | | S o | =
< el I R IR S <<
gl | - - If | I I
|1z |- K | | - | I | |
11 T P | | [ L.~
Xo*23. | T cwsuroniie L o2 L Q2T . |
L EEc ol P27 = PRE 0 K%Q
CARE A JE’%/Z?J?ié
L) LI IES ST Do 2 [ !00,9.5‘/

- ot Rt BNe)
-;--— Nwwoe

S RO

opad-seliciel

Q= i m -
S el A

P arr e M=y
V- S SO

(8]

f

4 o o o p

s v

¥0Dd - P2 208 'H

SN - /227 l :
L m=envs ) i

LO0CATION _ = D/ 0 7 TS T o = 2 . F =;

seznsmaz UG SR DNEIISET) N%

CALI3. FOR- LLPLELE - §§

: _Tr—csc..xh.‘y:c: e S P

CALI3RATOR —_2?- /;z -:cc — q

ca.. %Mf‘rcés" B - ' Q

¥0D ! ".2/«4'7- e -

s/ ST L SDe72

55: IoNAT STysTRIMINT

".-4).'.

/_// é/¢(°/
Xo. _?"3 :

% |
(D]
]

1

2

L

- - =S/ =

,DZJC»C

(7
(3]

-
-

4

LS T M/zr/ﬁ”t TEZ

D-5

- A“" : S oo

AN

T

v
P

A

]

[N
i

i

)"
ot

et d W X Lo T v

b

i

al

NG

\l‘!u)‘




N AR Y B N

r;f A Ak od B4 Nd w A% AL Ste 2% e At AASSoe St Wi atb il hufh tal Sud Sl Salic i B ANt SN AL AR

N

r_’_"»‘-;{;p—'_

-2 . I ey G i o B mT—m e A
[ . e et W aale et Sl S S e i

AT L e T WD e Qo iavm i
R V-UIBROIR Y USRS Vel S el Gl

| E
3
N\
N
Q
S
N\
::

t3zz N0.-_ P
- 1miw LEESSIEES TRAMS DU L,
" DEuck o VN oveiss Devses
Do 220 - - 233/.7‘
LPD2 N | ‘ . —
7-5,4,/<- SR /Mpz, e
;/’t“}/ﬂ"‘/f T”LTC'FZZ 2 _"f
// 5 /z;,«/czysg/ LA 0
s Tr"cac..d'*/.c-: S vraEl

[ L L EE

.
' R
: : .
. . vl. . . .
. . R 3
B I ¥ LTI B
“ o . . . . ey T . S
S n v . ¥ — v T
- . . . .
. ) . ) . .
. ‘e - « LM I N
. . . P . [ e
—_— . . o e . . .
cqrrey e P P - LI oo reemar Sy g rme f RN TEITE Y
. el :
3 v ' ,
WP - \ K ) !
! . ' | N ol
. ) Yo L
HEN N , . . NS U N s Ca 4 V PR BRI o '
! A b PR R L v s A o ¢

| CAUILRAT

e et oa—Tn o -+ S+,

iii;ESEéiéZZ:E?affsré="22’52??2”3
el - .FME_Z_‘Z C e L.t S S R

S"RU..:

PRl

)
! |
! !
I I
| l
2| - lupoe) - 234 |
22 V- mgrrl ey VS l
| . lzeoorl - g o921 - :
|
[ |
| |
| [
l |

- . ’ lyoersl

- 5 0 - ) - . T
:: R DR 7 _ . ‘0,—/95v‘- N
.- Bl PRzl

p - = - -

t:.' 2 - ‘Z’/u . = . '2 f("'

P ..

A 44

3
MOCHANICAL TECHHOI QAT INCURPORATSD

) 4
.

-"‘
z

(S I FNN NN LU LN LN PR

I R -
'—-—.‘ - [ c. -:.‘ P '
Cf i { [

- -

LR
I

LA
[P I e BN ICW I KO O LV I o)

Y [Ny .

l | i
_ [ [ | -
St HE NN T3z |5 ewsuncwive L oo L SOD27
: N EEsoy o7 oN = EPE oS LTLL2.

.
o

b

yrvrvveww
Mffit]
L
]
b

‘
—_—t—l el e e e T i el
. . .o

GARE N TN L PP
K H,; L) STl ES C/"’f’//f-*' ! A é’Q"ﬂ s/

—_—




e PRI

Do AN R TN T
». "3 7)7_.4,{ >l T Al

A

r xz’nm:g

.
PSR e
;
* l

<
h

K

MACHAMCAL YAICHII Uy 1ML UAPURALEO

. CALTRRATION LABORATORY = NFR PLANT

l.‘. -
T T
- .

Al

B

% T
- - o N
L - -
i -~
. =Y
L=

g

LAt wy,

Spnicoucmn B s lcut Syl tohe

e @ —— P - et e S 2 Sl i s
Vrimmalrie memaer A=t cee -—.—qs
RS SR Comt BNt Wl el e AS—

siTza é)-/é & 275
Teoizza o - ZPO_ -

' 's.'t--"{: [ T2 oM<

m:nv.ln;"f:‘—?‘j/r

_ /-./,23 //f/‘?‘- 7«/:’? //- /.5"’0 L0 Focs” el

- oo </ 24‘ TELME T =2
- 4:7/7234// | PP oF DEp=ES
L9 2o - 2.23 9/\7'
A zz/z/-yx AP G -9 IL S

P/ <‘77'/7 =S "5,{4

T -2 V 4
-~ o
.

; ;::__

OCA".'ZO

//5 5// 7‘,v‘£/, Spry e
ct | A DA T
Trccs;.‘..r,_c— .

»‘// o/ M/z 7"//'5"""’"&

by Sad Bt - .___ e ket e e L IR r-

e = g Yy

C V== lcogz V- \pperd kops 2l
1 A | loersl Nzl e - s
N lp.ooatl = Aoapolt | o |
- AN DY) B VY7 VIR AN
A R e Y Pl 2 poul 7= ) posd
2t 2 Ay Y |, pred
sl ot | o ) | = 27l r) | g4 | pozl
2 N pronl . e oa7{ - |70, A
7 | | - L P f
oy A e ] - [ e = o
2 [ { ! H ! I l
3 | | [ | X [ [
T | | | f I - |
N oz T esenwie e m o 02,

L EE LR E T oS - O /oS /ﬁl/u,

MRS ot TAN 2,256

- /-"J_/G’M 4/;/4',:? e p.////”‘ & P BS)

D~-7

.....

TS WY " e
. "'&" \(' W »..?‘.~ \.",‘.-

A'

',4///,94, ' T

e

"v"-"f-

PRI
B

e L EUSSEL

L COPTRD

{

._....-._
VR vavacear)
\l .

Vi

y

|

g ;thc.md



X et et e B TRt Sl Rl An Sl taddani Sal Sal RS S *A M 5 A AR AN A I Tl At A A S |

~ - 2Nl P e : E o :
LTS VPO U I G N e S R

— e G ATR e mm—mm e mA
e i M mals e lelwe O Sell el —— - '
Nrimem sl memT o= A e —.,——p

L Al m T e A ——— W s e Ve e e D

ut
p--

d

“ oo woaA

S IZZ RT3 &= 274
)

- e

tiw eSS uEL TRLMS /f,ga

L TE s Vo e S s s

YA 50 =200 . 39/‘/

. Te - Q- . _’
TEocs - -k ,4,(/,94 I
q s= DLSTZ 7 e e

// 6 <‘,-/ ”‘A/crzf/qg/ R

”C‘B.V-.‘:-' A TSP T T T

L £ 2P  2acT- <«
7 . -

ey
(9]
e

7
1)

.
(S

IR N A R AT
! S A SRV .u 4. e b baa PR Sy
/KQ(A : & 4.4 N S
R | Y . B
o ’ L
' .
W, B
14
1
b
R ]
(@]

(SRR}
ReRL]

i<

3]

(@)
[

7

“
,..‘1.. () ..'I‘ »
: )

b

(¥}

[X]

(o]

218580
1911
I
ud
]

T

v
i
N}
0

T vrr

I

2
£

ri
Lo

e

“nl
i CALIBNATION L AD

l ﬂ '
b

,4
L D ///*- :«5:7

‘\q\‘y | - U SR LT . 1(":3C_n.“f.ac._'

; . L el . .

3 \]"\CALZBZA‘.'C?.
. "'ﬂ ﬁ‘_",' - IRI :
- LI - »:
S .b_-¥c?3 ;
= L e e B0 - ‘:
= SRETR I
w2 Lo ST
32zTIcv¥al ik

. EN S

a&
R
X

oz |l ( .
R -
o dpiseol o o szph”

VT INCURPUAATEOD

|
|
{ |
J Y7 R 2
’ | == s peol . 12.PPpl "~ -
zo | wzz2l  lszad
re) | oo | =gz r2) 164,7!
| |
l |
i t
| l
| |
! |

N
N
|
5
by
h
DAY
T EUSSEL

;n

|

HECHAHICAL 1E

t

[A DAY
1
v

\ﬁ:f‘ﬁ f’,i.
Yoyt

LS

lccozy - lgeml - --1.

T
1
1
'

R I
I l |
| -
' I

_ COPTRD .

; !/ﬁ

'
1,

y -

3

_-__Q___ggﬁg
R
A

Ml [ -
= 1
e N T o hes

o

nZTrs: 1E eeweein Leg g 4075

VA aeeadl X LI T ] i
R A \

_.4.—:/-5,/2;‘//’// HAC’://‘//.V.S. 5744/5' VTA

2 (] LTy s e 2 SET Prare: & FIC S5 =
' - e
S

i -FIJ'I/
54
N

) e i PR A P AL I S I S S R A S SRR P
- - o SR R R
.r".'; {‘,' A o A A NI AT A N AN ,-i



TYrryy

T

YT XY

T W TR, Yy

C

L N A A OO I MR S A T A A A A A i AR

P

N N ay

Fe

Lo =

T =

=

el =

,:.4- -=

-~

e =
—~
R S l

S )

L - B

X -

T =

— . <

e =

- =

- <

o= =

o -

: <

o =

: p—

-

-

=

R R i bl ]
Al e el Deiioie Wl e esiele i

e N mads Ve Sl

i el e

-

o=

-

. - -

1s:zz2 §o.-
ST ITIY _IoEESS I ES TELMS Ty s

- éf/ﬁ-t /: /PPh

2.5 2

Voverros Teyypes

—/Fo=pocn Nl - 2z2,

q

TEls -V erol

R /C'f.f'.—_- p/_s‘*"/g"‘f"-;‘f’__/[ = 2
; AN //f,e - ‘;..~‘<:_'~'_"- ;-:‘:_.{_.1 .-
&/6 <',_/ T AS L LTSS _3 S .
S A T AL T T
: ,"-- ' Tl":3c..h.?{ -¢~ } ~. _

-

rver

ALDAe.

, CALIBRATION LAD

2 Zmes 2/ /""‘“'S’/Pf '7'2'5;":;3

,5/.4:7-4-4_/, Bt e
DA T D :

VY A

TIoNAL tI¥sTRUMISTS - TN
ST, AL T T -

57
==

_./(/-

PRPE

o A .
-l ~ -
- . - -
. e N-Y
CEN ]
Tl mom
" -A -
PR

DA
LI B

4’/./-— AAL ™ 5’446:'?
A e

AW
'z | Y-V lzogz | - \pperd if so2l
! i P - N 2
Pl - 2z lg. 00! RO 24 | . oczl
Pl P = Ny wmod ly, 93] =
R AR P |2 279l -

T

- e ool

il | 24 ol

2 o -

MICHAWL AL TEC e U AT INLORPOURNTED

o ]

|l =27 k) V575 /91

Jh fun

Zoorl  Iesrel

CoPTRS .

l
|
|
|
L
| R N [ |
e me l ..
|
l
!

pLBS A

|\ & () Chrmypms 22 <o Do 2 2

e . = ) o | - | =
R -l 1 \ |
g t [ | u
o | Il | | | "

No T ¢c | S casmamcw e ;é-p & /e P4 |
LTSSl BB B Tyma) = RS 0/ S L E |
~ToN 2/ /8 Pl ~ J}

|

AL AN R R s A e e




MECHAMICAL VEICIHHO10QY INCORPOAATED

-—--ﬁ [ PRI T VO WA

g ey

AT i mvm AT e Mmoo mem :—.‘—q.-‘

AN e vl o vt WE O e ler ke

LAINAM, KY,

el
U]
]

LJzZz=2

sT 7

2 £ 1256

J- 2 8¢

K 0 : pall
tw EEESSHES TERMNS DI £

S - A TE
Y THhr = 50 =250

Vovwrroe Zev/ces

LT =2

22/ T

o e .

. .
-
YT

L TN,

‘]
_

27

e 2D

< 7= )y

N DAL

%3

3 Tr::mc.m‘y b=

_fa'

4,

© y CALIDRATION LAB

'::i::ovah
oA p oY M.’// TM‘—‘E

s*auz{:"s

’0 ﬁa

’0;‘-"‘ L.

- /i/;’z//f_a— 9“6“7 //-'

_, '.‘. T e

el T

e N e vl

S e ™ 2N AT

N - N pperd

-~ 1 Zs /i

4

ey B

X0TZS:

’.-4

CALBAATCN SUE ;fﬂ & /P Pk

L el 2R R TN - L 2 S c’,cz 72,
_ /'/,45 CN TN P (256
& () /4’M,¢/£45£ S Do 2 & Zﬁé’ o</

D-10

"'- 0 'T, ‘E&'E&iﬂ.m:
Q N

1.l nE Yol ] ’Q.' '/42”' = ecrooh” J .
N tg PAERSREVYZ K lps22 = |l oo/t |
= N awp | =~ s pol| |2 P22 oozl
s N gon e Netmool < lalaogl - ’,aa'zl
sl )V o V2 ez ey A Sg | | peos]|
sl lyzontl - lgg97i lg.se7l  —--1 o

7 - | | 'I-’Il' b {

2l ! IR N

al > | - f J J |

2 1 T L | '

1l ] | | il | | J




L e i i i e o o 4

e

o 52
oty
.

- =
:——i' et}

Vi

—— — . -y - —— ¢ e o =
. I PORCDUCED S PR ST ATl S RIITITEENNCIO pue} -
. AP s are e meme (v mem -
- l CWaITIUAL ZTEREAT CT PSR A - e ot N
e, MEZ~ANKC oy A - ;_:._-__
. =~ N T
. N

S

e

g ldess '

2

.  CALYDRATION . LABORATORY = NKR PLANT

CSTGUED S _’?Z

BICHAHICAL THCHROI UUY INCORPURALLD

\_\. TR, S TRAN Vi i
”mﬂéﬂ?&hﬁa v\

LANIIAM, WY,

///4 £ /PP6

o
o .

vl

(U]

]

t

u

(&)
.'u X
4

o

.

P4

- A

PAC

D~

2 eSS

4
oy

1

7 R RN ,Ef-‘ TR LG T =2

[} TN

w
v
"
‘g
(8]
HY

! GuAZOE DEvCES

 p——

W

i

‘o pw
.

- YTar -y =2000 M-

23?/~/

1
v
|

r K
" —

1

T

e E"

T=ovs, - |

; ,'4///,24 '

e

 aruay

L0CATI

,_;‘0_:{ ;;a:: ,v/.s7=~/f 7."5‘57"‘.52[

4/5 5,—92/«/54 =7 -—:_27.'5;_1.-.- —

< Tr-:a::..dl‘y Dcr:

*, CALIBRATION LAB .

ALDAGE

‘ToNATL
A M/é?’/ﬂ‘

vs,.au.:-:'s

--—//—-

..... -t

|~pzz |l

| o2

4 lyoers| ol e -
IR lp.ro0ll ot Np ool :
- Y2 Yk
2 o Vapd —- g peall 12 P74
A ' ;41 — [‘/2?2[ - ’#Zﬂ'

157674

leg/7ll ra)
g 007y

| &. £20 |

g T Jn

I "H

i o
N
N V.

o
;”" -

i

) NSO FNUNG § NN SN I §OUNNS (JUNN WU LN

Tt

Sigh

¢ lofm

’
 J0)

)

1

'

v

K
[

I

1
|
|
I

v I"' ,

N
1!

NoTzZsS: |=

CALBRATGON SUE ;‘3 6 /0;,

e i
1y

G

S e BB R TN = L S 2 S oLl L,
LS Zal TN 2L LPE a7 :

2 () SuropsiE2 SE7 Doar 2 @ Fross/
o Japazxgo ELOXY LLIVND CoMNECTION

D-11

N

P, - DAY
'Y

'u.i




T W e W R T R R R R R Te T Ta -1

L N STC S

SRS W R
TISTD) WITE STATARSS RITTINCT T é i ‘]
NATTINAL ITIIAT OF STATDATSS o = \]I

R S T e A Wt O Wk s AT S I

METTANGAL TESNCLIGY NT

iti- < Z /2005 "»V'.?AGI-'..- /01— 4
LDER XO .- S& 12- 4P - gre
S 1Ty LEES = O 7?/#524//52_

- ae

A

o = LD PR

' '15- D il =24 - | - DOLE congm. R
; SEN - L2728 3 R L E b
3 . .-A..:-_..._‘_'-_":- l ’7,?//1/5 oL . . } 57//,7@ - g Q .
: : LOCA'.'IO‘I" = D oerss - = g
' E T :-'i- : RPN A j(//ee- T .:_‘;.:;?,{_-;‘-. _kri
- Tox € 5 fpapa/éwsgj YR \hg
i ‘ g 01_"' & ,6’0557'62. - .\%5
| ey Jroceesillly Dem | 3{ 3
. c_“x ‘.b/ )?—,44'-' L ..:12\5“_.
S . =

.D/D.L -G O

- gec/O/2P -
ow.n. nvs’xun-x*s-”:’
Pk TR 7 2 7 T S

,4/ = M/‘f‘ = PUS T j‘/ - /2 ’Q'ﬁ&j:zréf"_'_

.".’-,-".’"-, .. l‘_

W W eV W wyY ww &

K

S .-t e N et e e

T '-”/-_/-'{-20'- L el | fors leeoz

- R P RS S I . | o |
R R T N VY771 | o271
I P gt 520l "= P20
S lad ey lrg - tgo | o) 1 G022 | 022
vl - TR B B L Lo Wl - - 170,91 |, 02
6.) Z Vool Vg oyl -1 o«
pl | | [ o ~‘I |-
- R RN BRI T RN | - -
e ol - | | ) | - | l |
i ‘iz l | | | | ' | ‘
~o 11l | | I I | | |
e Ne=2ZS: If- ‘CAUSRATION OUE :C/Zy /48 Ps
] O} zﬁﬁéﬂézz 444-—.{»757' oN 2 2 /24 /P
= o A - </, !
Lo &, gﬁz :(ﬁw{é- LD, « 2T TGy P
C Do Mo7m Topusk ZTELDAMS, Dl NS S CREUS




MMM N b Ml el S e A MU A Rl i b A LR L L bl e i S i i RO M S |

C
.‘:
s
’Y

{r S T R R QP N R Yt

-— r———— - A~ P

TLSTID WooR STATASTS RTS8 I @
Gammwas amzic OF cmivminn y=4
X . LAY N \ A- Q

P T e N - - asiat

. = ) <
! [ = - : AT N
- ! - l MES-ANCAL TED-AC 257 AC

A?E-.~.7,4'//_§:/Pﬂéj Tac:- 2'.'03-4
CLDER ¥XO0.=~- S7 - 13- AP- ec
st 1TIx LEESTUEL 724//52)///52_

| ,
RV A
— -

P

. MZ/D%‘V:E B

'5- o -ws-24 | noE£ coup

, S/‘I -’-. .2 Tos r e o /.
_[ T e f PR : ;

g

[hA A En s aaearary

0 1’

‘recaTio ¥ /@55 -l ar Y 72-'(7-/;524 = o Yy
- DA ,‘: .U‘": -..- - RIS A/,e‘e- I e '::‘ ,.-. .- '}\'2 u’ i
BoS Tas, = = fpapﬂfws,z,:/ = . :}3;2 o
) roz- '_cf' e EeEsTe2 .-_'Q'_;;
. T e Trt:cac.mry.ac*-L_ Gie -MS
s e < c a .29/4/ 7;04 PZ&SS‘, //vz; /(A’ 7-;-2 1y -
¢ ° - .

DBy A T
T DEPL ~Goo ] , .
- 400j0/22 -

‘u

grehEny -4

"A:nh':xi::'ovxr. S'RUV"H*s-'-.""'-"
: ‘f';Z:/éfﬂé /»//477/457—52 ST :
: ﬂﬂwfa - ’ﬁé T /»/ 45220 B0 Fros -

- .-. .-" e l,-.

- =2 £ :1] i
: EEEFEY { ‘mTss TT=M J%Q
®] : - ol - VYo leeeaz |2
TR gL ! | o=t Aol -ty !*}\
s M R R o | -f!y.m/él" AL ZA N
Lo L t 2t b 2ip Agp2sl Tl o230 |
- A I R R 72| Nt osgl 2 st
P ol 7l g b g.o | r¢) 'd,aci' -'.aof_l —
Mo N | Lo |l 1 Lous! L ow2|: ",
A £ ) HIZ L 2. | oo --l o500l :
S X » o ol | | - 1 E
-:::.- s Slel - - | |- "[ R Bt I B : ;,_,9_.:
2t al ! l | i | | | T
* i | | | [ T o |
| | - I N P b
N CTzS: | cwsunondic ,"'40 Ly 7 /724 | -
ooy Oy 7. - b D) /7‘) Fef7 - /Vp,éj/// Zocon
2,-. ' T DAL, ST E S L TESs « A5 S50y T2
.~ . -
N e i

| XYY
A 4 ¢

o

i

-

(OS]

Y h A
l. l. l. .




P T AT TR T A TR T A TATR TN TR AR TR A T T W‘WWVWWWPT

i
]
I3 \' : T - - i " -
oA ~l > <l r'-..{ r—,,;,\ _,.,_‘;'.; > D _ g ey
N | TISTITS WITE STANDARDS RETIES - %, ' 1
‘._ ' NATTCONAL 2TRIAT CF STANDARTS o - i e
MEZ- N TES-NCLEGY NG 'F -

TN 42 L 2PL PAGI- &« O0TF- & o
2 N0 .- FP4 - 1D= D= g, > CE
m 1Ty DB SSUPE TEONSD e — b
e DY ECO Vsl oz || HE
D-_L@2r 220 . 725 | - |
7 : e l [
R = R Y 2= 4
_ cX ;£“ pfsroM 7-‘<‘7- /-544 # 2
S T S L V7Y - e
evEnAToR. a/‘fspﬂpz«/éw L = DS

1s £ lossrEm
T S Trccac..mr/Dc‘::

w O
[o B
(3]
t1
4

- . o .- I.< k. "40" ‘.b - - ’ e A .
v an
J o om
[ v ot gt
Moo
td
vy vT ey
NRAVHA

r‘
o
0O
[
[} ]
-
AAT

[ e m————— e S N
T . d
K3 Ty X

\ASD

e
~

o o
br ‘Y
[ S ]
(2]
w
(%]
o
o
[o]
2%
]

P

s : - o P44
vstoneny QL2
!
[

| CALIBRATION LAB .

;‘I.-S/’N_.::' = 4&0[2/2; e .- =_

| ( TN a1 .2/‘/7' sZ - /44:47'//4:-—53 ST
=t B ///-‘« VEZA -’44/“; -4/-/’95,40 2oes v

ZiBUSseLL
3] - -

(R A i :
T Rl £ TRy

§

n
1
-
A
3
-
J
&)
paliing
= ]
t
w
v}
-4
v
(5]
£
L STvae 7

T

/ CALTBRATION LARORATORY - HKR PLANT

z b J |
: AN ~ 29 |l | 2 205! | o 1 INyNias
o HER IR Vs AV K VAN ]V [R:E
Dl - 2 - z || - .| F 300 0 ey
) Pl -z K7 T Qo3| ME=LE
- H J & 22 1l - 12 200! o R |
-1 £ e ‘
|
t

=] =] —]—]—]-}—]]=—

l |
n |
i |
| 2 |
t 29 T lzgopad -1,
Vo | - l<Lpozl - |
T E a
| 4
| f
| |

I 1 I |
I | -
i "o TZ2S: | cusunondse Tely 4 202
s  TE oL PO s = po Emro2D

L CNDB BT = s ) B o e p o P LY TS T oA




BN A e N R N S P A A I e e "R Al e e e Ol e AR R e ey 4 S L A -
« -
+

- . - - ; : - ‘b e T T e i .

. Y VS AT SNUET! 15 SN ! g -’
i 4, {r‘.{k Ar,;.{r,.a,ar._*.b. *ib"‘lrldtml~~cr

| H
L

- =
e aamad Nmall

AT

——yv 4
P\ 7 GIDROIS Y, V- YOI Y

O - ATy L T o — ¥ p— o~y
—t b A Aol il o

L e bk bad

ﬁ?ig‘

CT STANTARSS

MEZ-ANCS, E-0C =G NG

—— ..
- ‘DATE- SN2 /PPL PAGE- 2  or- &
. ' . e
- PCLDER NO .- 2P2 10.- - ys/

a
- HON 0D -_Lxrozo T2 |l
. ¥ s /82 ST -
::;i S IS D TEGNS. - - | gD,
o HEN R ATION ,.c;e.:.c p/,s-r»//récr/gA/#z .
- W] TR D40 SRR e v NS
o : AR RATOZR. &’dﬁ'spaﬁﬂéw"ﬁ - 2. s - pYR2
20NN e irIL i FoR - Loss7em ' 3
GDNNE el o Tiel Tﬁﬂ_cci. TR RANESE N\ &
- W 324TO0R DL €SS INDILRTE 3
=i ] R~y 0 . T ‘
o SRR ZEr- 400
& Goolowze
_ 7 NAL -IN '_Ruxz'x:s:-- I

o

wn

"ITEM s espbs TEINSEDUIED,
LY A E L Sl / o ED

TRL /W_/47'//f”4’"=2

/’JJ- -’44/:2 -/f /"‘«»,4/ Zdta

i N
2 ETTEVEE t ~fsT 1zT:w J_§
l é | 2=/ | gl |y lespzol
g ol o | 2o |l | 2.9000 - | o
- ER SR 2 sl 2y U Nzl T o
A I - - zz2 - 2. 200! o
. Pl oz 21 200l -~ | o
- I ER |« 2z | 1.2 700 o)
s 29 |1 2900l --1 o
I | ¢z - - L Lo s

2

| = |

/ CALTDRATION LARORATORY - HKR PLANT

WO 100 F~0 [ in

B P NNy AN N P

I

|

I

| «2 |
B
I

I

| |
| N
l |

: ‘
. ! i

2 S: | ewsmnondie Ty s 0 Pk
! ELBL PP, — Mo Do BT

o (T B T e ) DI m A PAI LY, T T DA

.




B
SIS .t Y
VU AAN

LA
L N Sl

ol P AR




